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ABSTRACT
A Comparison of Resting Metabolic Rates 
Among Cardiovasculariy Fit, 
Muscularly Fit, and 
Sedentary Men
by
Katherine Durand Heimburger
Dr. Lawrence Golding, Examination Committee Chair 
Professor o f Exercise Physiology 
University of Nevada, Las Vegas
Resting metabolic rate (RMR) was studied in 29 cardiovascularly-trained (CV), 
resistance-trained (WT), and sedentary men (Sed) between the ages of 18 and 35 years. 
The hypothesis was that CV (n=9) and WT (n=10) would have higher resting metabolic 
rates than Sed (n=lO). RMR was measured by indirect calorimetry for 20 minutes in a 
fasted and resting condition. Expressed per kilogram of body weight, the mean RMR for 
CVwas 3.205 dfcO.357 ml/kg min, while those of WT and Sed were 3.032 ±0.481 and 
3.005 ±0.642 ml/kg min, respectively. Expressed per kilogram o f lean body mass, the 
mean of CV was 3.529 ±0.353 ml/kg LBM min, while those o f WT and Sed were 3.464 ±
0.628 and 3.550 ± 0.770 ml/kg LBM min., respectively. One-way ANOVA tests 
revealed no differences in RMR among any of the three groups expressed as ml/kg min 
(F=0.42, p>0.05) or as ml/kg LBM min (F=0.05, p>0.05).
lU
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CHAPTER 1
INTRODUCTION 
Today excess body fat is a  major concern for many people. In Ancient 
Greece, the physician Hippocrates noted that people who were fatter died sooner than 
those who were lean (Williams, 1988). Williams reports that recent studies continue 
to support the fact that being overweight leads to serious health consequences and 
that obesity is a potentially fatal disease. Obesity increases the risk o f developing 
high blood pressure, hypercholesteremia, and diabetes, all of which, in addition to 
obesity itself, are risk factors for the development of coronary heart disease (CHD) 
(Williams, 1988). Obesity has also been linked to kidney disease, cirrhosis of the 
liver, arthritis, and cancer o f the colon and rectum, and accounts for 15 to 20 percent 
o f the mortality rate. Weight gain is usually due to a positive energy balance, which 
is a higher energy (or Calorie) intake than expenditure. In order to reverse this 
imbalance, either energy intake must be reduced or total energy expenditure must be 
increased.
Total energy expenditure is the sum of resting metabolic rate, the thermic 
effect of feeding, and the thermic effect of activity. Of these components, the resting 
metabolic rate contributes the largest part of the total daily energy expenditure. In 
healthy individuals whose body weight is between 50 and 70 kg., resting metabolic 
rate is approximately 1200 to 1800 kcal per day. This value can represent as much as 
80% of total energy expenditure in very sedentary individuals (Tremblay, 1985). 
Because of this large contribution to total energy expenditure, small changes in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
resting metabolic rate may have a significant impact on the regulation of body weight 
and energy balance.
For several years, the exercise industry has recommended the addition of 
resistance exercise to a cardiovascular training regimen in the belief that an increase 
in muscle mass will lead to significant increases in resting metabolic rate. It is known 
that lean body mass is more metabolically active than fat, and that an increase in lean 
body mass should therefore increase resting metabolic rate. This relationship has 
been supported by numerous studies dating back to the start o f the century (Tzankoff 
and Norris, 1978; Cunningham, 1980). However, more current research indicates that 
cardiovascular endurance training and resistance training may elicit a greater increase 
in resting metabolic rate than that which can be accounted for by lean body mass 
(Kuehl, et al., 1980: Lawson, 1987; Lennon, et al., 1984; Foehlman, et al., 1989; 
Tremblay, et al., 1985). If true, then aerobic training or weight training may be a 
better or alternate way to increase resting metabolic rate and increase total energy 
expenditure.
Statement of the Problem 
A discrepancy currently exists in the research literature as to whether fitness 
level affects the resting metabolic rate. This study investigated the effects of 
cardiovascular and muscular fitness on resting metabolic rate.
Purpose of the Study 
The purpose of this study was to compare and contrast the resting metabolic 
rates of aerobically fit, muscularly fit, and sedentary individuals in a post-absorptive 
state at least 24 hours after the last bout of strenuous exercise. The hypothesis was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
that both cardiovasculariy trained and weight-trained men will have a higher resting 
metabolic rate than sedentary men.
Need for the Study
Weight loss is a major concern for many people. In order for weight loss to 
occur, a negative energy balance must exist. Since the resting metabolic rate can 
represent up to 80% of total energy expenditure, even small increases in resting 
metabolic rate could result in a negative energy balance thereby enhancing weight 
loss. Determining which forms o f exercise training lead to the largest increase in 
resting metabolic rate would be beneficial in the prevention and control o f obesity. In 
addition, the research literature neither clearly supports nor contradicts the effects of 
different kinds of exercise training on resting metabolic rate.
Design of the Study 
Twenty-nine apparently healthy male subjects were identified as belonging to 
one o f the three proposed experimental groups. Approximately one-third of these 
used primarily heavy resistance training for their exercise program. One-third were 
individuals who trained with long-duration cardiovascular exercise. One-third were 
sedentary individuals. Males between the ages of 18 and 35 years, with a weight 
range of thirty-three pounds (159 to 192 lbs.) were recruited. Cardiorespiratory and 
strength tests were used to determine that the aerobically fit group was above 75% of 
the average population in aerobic capacity; and the strength group was above 75% of 
the average population in strength. The sedentary subjects scored average or below 
average in the fimess tests. Resting metabolic rate was measured for 20 minutes in a 
fasted and resting condition. Lean body mass and percent body fat were estimated
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using skinfoid calipers. The resting metabolic rate was expressed in two ways: per 
kilogram of body mass and per kilogram of lean body mass. These values were 
statistically compared among the three groups. The hypothesis was that both 
cardiovasculariy trained and weight-trained men will have a higher resting metabolic 
rate than sedentary men.
Definition of Terms
1. Basal metabolism, or the basal metabolic rate (BMR), is the minimum amount of 
energy required to continue the various cellular processes necessary for maintaining 
the body’s physiological activities under post-absorptive and completely resting 
conditions. It represents the lowest rate of energy expenditure. (Williams, 1988)
2. Resting metabolism, resting metabolic rate (RMR), resting energy expenditure, 
and resting oxygen consumption are different terms that indicate the rate at which an 
individual consumes oxygen while in a post-absorptive, resting state. It includes the 
BMR plus any additional energy expenditure resulting from environmental conditions 
and any sedentary activity. (Poehlman, 1989)
3. Dietary-induced thermogenesis (DIT), the thermic effect of a meal (TEM), and the 
thermic effect of feeding (TEF) refer to the increment in energy expenditure above 
the resting metabolic rate after food consumption. It includes the energy costs of 
digestion, absorption, metabolism, and storage of food in the body. (Poehlman, 1989)
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4. The thermic effect o f activity (TEA), or the thermic effect o f exercise (TEE), is the 
additional energy expenditure due to muscular activity above the resting metabolic 
rate and the thermic effect of feeding. (Poehlman, 1989)
5. Post-exercise metabolism, or post-exercise oxygen consumption, refers to the 
oxygen uptake and utilization following a session of strenuous exercise.
6. Indirect calorimetry is used to determine the caloric and oxygen cost of exercise 
and rest. Indirect calorimetry uses either open or closed circuit spirometry. This 
study used open circuit spirometry where the subject breathes atmospheric air and the 
expired air is collected and analyzed.
Limitations & Assumptions 
The limitations and assumptions of this study were:
1. In order to minimize differences between subjects, the subject group was limited 
to men between the ages of 18 and 35 years with a weight range of 159 to 192 
pounds.
2. The subjects were asked to provide a detailed description of their exercise 
program. It was assumed that the description they gave was accurate and honest.
3. The subjects were asked to refrain from strenuous exercise the day prior to testing. 
It was assumed that they complied to this request.
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4. The subjects were asked to be in a fasted state and it was assumed that they were.
5. It was assumed that all equipment used in this study were accurately calibrated and 
properly used.
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CHAPTER 2
RELATED LITERATURE 
The resting metabolic rate (RMR), or the energy expenditure of an individual 
while in a post-absorptive, resting state, represents the largest part of the 24-hour 
energy expenditure (Tremblay, 1986). It is typically expressed as the oxygen 
consumption in relation to body weight (Bray, 1977).
It has been reported that the RMR is affected by exercise training. Although 
still controversial (Schulz, 1991; Bingham, 1989), several studies indicate that 
exercise training elevates the RMR above that which can be accounted for by changes 
in lean body mass (Tremblay, et al, 1985; Poehlman, et al, 1988; Bailor & Poehlman. 
1992; Burke, et al, 1992; Sjodin, et al, 1996).
Measurement of Metabolism 
The metabolic rate, or the energy generated by the body, can be measured by 
direct and indirect calorimetry (McArdle, Katch, &Katch, 1991). The unit of 
measurement for this energy is the kilocalorie (kcal), which is the amount of heat 
necessary to raise the temperature of I liter of water by 1° Celsius (Kleiber, 1961).
The first person known to measure animal heat production was Adam 
Crawford in 1778 (Kleiber, 1961). Crawford constructed an insulated calorimeter for 
a small animal to measure the heat produced by measuring the increase in the 
temperature of a given amount o f water surrounding the chamber (direct calorimetry)
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8(Kleiber, 1961). During the same period, Lavoisier and LaPlace created an ice 
calorimeter for small animals (Kleiber, 1961). Instead of measuring a water 
temperature increase, Lavoisier and LaPlace measured the run-off o f melting ice from 
an ice pack around the animal's chamber (see Figure 1). The weight of water 
collected was a measure of the animal's heat production. Eighty kilocalories of beat 
was sufficient to melt 1 kilogram of ice (Kleiber, 1961).
Air in Air out
Figure 1. Lavoisier's calorimeter. The heat from the animal melts the ice in the 
calorimeter. The water run-off determines the animal's heat production (80 
kilocalories o f heat melt 1 kg of ice) (Kleiber, 1961).
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In 1899, Atwater and Rosa built a respiration calorimeter for animals in which 
heat flow through the chamber wall was prevented by an adiabatic jacket (Kleiber, 
1961). The animal chamber was surrounded by two walls o f sheet metal, separated 
by a layer of air. This design minimizes heat conduction through the wall by 
preventing a temperature gradient. The flow of heat was measured by the 
temperature difference o f water entering and leaving the chamber (Kleiber, 1961)
The heat measured by direct calorimetry was correlated with the consumption 
of oxygen. Studies using direct calorimetry have shown that approximately 5 kcal of 
heat are expended when 1 liter of oxygen is consumed by the body (McArdle, Katch, 
& Katch, 1991). Therefore, by measuring a person's oxygen consumption (indirect 
calorimetry), it is possible to indirectly measure heat production. Indirect calorimetry 
is much more practical and virtually always used for measuring human energy 
expenditure at rest or during various activities (McArdle, Katch, & Katch, 1991).
In the 1700's, Lavoisier first recognized and named oxygen as a chemical 
element (Kleiber, 1961). Additionally, in 1780, Lavoisier made the first 
measurements of metabolic rate (Bray & Atkinson, 1977). He could measure the 
oxygen consumption of an animal by enclosing it in a bell ja r  for several hours and 
removing the carbon dioxide from the jar with a CO2 absorber (NaOH). The oxygen
consumed by the animal was found to be the difference between the initial and the 
final oxygen volumes (Kleiber, 1961) (see Figure 2).
Lavoisier's bell ja r  experiment was the first method known for the indirect 
measurement of metabolic rate. The Regnault-Reiset apparatus, a direct descendent 
o f Lavoisier's apparatus, was another closed system for measuring metabolic rate, or 
one in which oxygen consumption is measured by a change in volume and pressure 
(McArdle, Katch, & Katch, 1991). Created in 1894, the Regnault-Reiset apparatus
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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was a great improvement over Lavoisier’s bell jar. The animal was placed in a 
chamber which was supplied with oxygen from a gas burette in order to maintain 
constant pressure. The exhaled carbon dioxide was removed with a CO2 absorber.
The animal’s oxygen consumption, measured as the amount of oxygen added to the 
chamber, was then used to calculate the metabolic rate.
Adjusts bell so 
that mercury level 
inside and outside 
is the same. 
Position pointer 
indicates air 
volume in bell jar.
Brings guinea pig 
inside through 
mercury seal. 
Leaves it 10 hrs. 
Respiration 
becomes labored.
Takes animal out 
through seal. 
Adjusts pressure. 
Reads position of 
bell for air 
volume.
Brings NaOH 
inside, equalizes 
pressure by 
lowering bell. 
Reads position for 
air volume.
Figure 2. Lavoisier's bell jar experiment (Kleiber, 1961)
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II
A closed system was later built for man to measure metabolism, but for only 
short periods o f time. In 1908, Krogh invented the spirometer in which oxygen is 
inhaled from a gas container which maintains a constant pressure by changing its 
volume. The expired air passes through a CO2 absorber. The volume of remaining
oxygen is recorded by a kymograph, and its decrease represents the oxygen 
consumption, usually expressed as liters of oxygen per minute (Kleiber, 1961). The 
closed circuit system assumed a mixed RQ since the amount of CO2 produced was
not measured.
Open-circuit systems were necessary for more accurate measurement and 
metabolic measurements o f long duration. The equipment allowed the subject to 
inhale room air while the exhaled air was collected and analyzed (McArdle, Katch, & 
Katch, 1991). In 1862, Pettenkofer created such an apparatus for man (Kleiber,
1961). The exhaled air was pulled from a chamber through a gas meter by a pump 
which was originally steam-powered. A partial air current was passed through a COo 
absorber and the CO2 absorbed was then measured by titration. The CO2 -to-volume
ratio of the air current was multiplied by the total volume to determine the amount of 
CO2 that left the chamber. This was subtracted from the amount that entered the 
chamber, yielding the total CO2 produced (Kleiber, 1961).
In 1895, Tigerstedt built an open-circuit apparatus similar to that of 
Pettenkofer. However, his appartaus made it possible to measure O2 consumption as 
well as CO2 production by collecting a continuous sample of expired air for gas 
analysis (Kleiber, 1961). Later, several open-circuit systems were developed using 
the same principles as Pettenkofer and Tigerstedt. The better-known systems were 
developed and used by Atwater (1899), Armsby (1904), Mollgaard (1917), and 
Kleiber (1935) (Kleiber, 1961).
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Factors Affecting Resting Metabolic Rate 
Several factors influence the resting metabolic rate including the following:
1. Body Surface Area
2. Body Composition
3. Age
4. Gender
5. Acute Exercise
6. Thermic Effect o f a Meal
7. Low- Calorie Diets and Weight Loss
8. Caffeine
9. Hormones
10. Temperature
11. Energy Flux
RMR and body surface area 
In 1839, Sarrus and Rameaux observed a relationship between metabolic rate 
and body surface area (BSA). This observation initiated the "surface law" which was 
based on the theory that "in animals of different body size, the metabolic rate is 
proportional to their respective surface areas." (Kleiber, 1961)
The surface law was supported by many studies reported in the 1800's and 
continuing into the early 1900's. In 1889, Richet found that the metabolic rate of 
rabbits, when expressed per unit o f body surface area, was not affected by differences 
in body size and, therefore, concluded that body surface area is a better determinant 
of metabolic rate than body weight (Kleiber, 1961). During the same time period.
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Rubner supported Richet's finding and found a relationship between the metabolic 
rate of animals and their body surface area (Benedict, 1915). Rubner’s study foimd 
that in twenty-four hours, the body produced lOCX) kilocalories of heat for every 
square meter of body surface (Benedict, 1915). In 1901, Voit found the "surface law" 
extended over a considerable range o f different animals than had been previously 
believed (Benedict, 1915). Voit developed a table comparing the surface area of 
various species of animals and their metabolic rates. Voit's table appeared to support 
the "surface law" of metabolic rate so well that data that did not conform to this law 
were discarded as incorrect measurements (Kleiber, 1961).
Although the relationship between metabolic rate and body surface area of 
animals was supported by scientists for many years, criticism of this relationship 
arose when human data were used (Benedict, 1915). In 1914, Benedict questioned 
the validity of the surface law. He investigated the relationships between total 
metabolism and total weight; heat production per unit of body weight; and heat 
production per square meter of body surface. His results did not support a strong 
relationship between any of these variables. However, Benedict found that trained 
athletes had a higher total metabolism, a higher metabolism per unit of body weight, 
and a higher metabolism per unit o f body surface. He stated that, "It is a well-known 
fact that the process of athletic training removes inert body fat and increases and 
hardens the muscular tissue, resulting in a greater proportion of protoplasmic tissue in 
the body." (Benedict, 1915) This suggested that metabolic rate varied with body 
composition.
Kleiber (1961) also found discrepancies in the surface law. He claimed that 
the surface law was never confirmed because there was never agreement on a 
definition for surface area that could apply to all living animals.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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"The surface law is unreliable mainly because the 
definition of an animal surface is vague. But even if the 
surface area could be defined and measured accurately, 
there is no theoretical basis for the hypothesis that the 
metabolic rate o f homeotherms should be exactly 
proportional to their particular surface area rather than 
to a more general function of body size." (Kleiber,
1961)
Eventually, the "surface law" was disputed because no definition for surface 
area which applied to all animals could be agreed upon (Benedict, 1915; Kleiber, 
1961). Research by Webb (1981) provides further evidence that the surface law 
should be discarded. He states:
"The use of surface area to predict (energy) expenditure is 
based on the illogical assumption that each square meter of 
body surface must lose a certain amount o f heat, therefore 
requires a certain rate of heat production to maintain body 
temperature. But warm blooded animals have excellent 
mechanisms for control of heat loss, mechanisms which 
operate well over a wide range of metabolic rates." (Webb,
1981)
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RMR and body composition 
In 1902, Rubner suggested that the "active tissue mass" was a better indicator 
o f metabolic rate (Tzankoff & Norris, 1978). Since then, it has been generally 
agreed that lean body mass represents the active body tissues and is the main 
determinant of basal metabolic rate (Tzankoff & Norris, 1978; Cunningham, 1980; 
Webb, 1981). In 1980, Cunningham (1980) used the data of 223 healthy adult 
subjects to analyze the effects of several factors on basal metabolic rate, including 
sex, age, height, body mass, and lean body mass. The study showed sex and age to 
contribute little to the basal metabolic rate beyond their respective differences in lean 
body mass. When comparing body surface area (found from height and body mass), 
he found that separate conversion equations would be necessary for each sex. Using 
lean body mass as "the single predictor o f basal metabolic rate", however, he was 
able to create a single equation to determine basal metabolic rate, regardless of other 
factors:
BMR (cal/day) = 500 + 22 (LBM)
In 1981, Webb also supported the relationship between metabolic rate and 
lean body mass. Energy expenditure was measured in 15 men and women. A total of 
59 twenty-four-hour measurements using direct calorimetry were studied. The study 
indicated a correlation of 0.95 between lean body mass and 24-hour energy 
expenditure (Webb, 1981).
RMR and age
It was noted that weight gain commonly occured with aging in healthy 
subjects even though food intake was shown to decrease, which indicated that aging 
lead to a reduction in energy expenditure (Ravussin & Bogardus, 1989). Early
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studies by Sonden and Tigerstedt ( 1895) and Magnus-Levy and Falk (1899) indicated 
that age had an influence on resting metabolism (Benedict, 1915). Children were 
found to have the highest metabolic rates while adults had declining metabolic rates 
into old age (Benedict, 1915). According to Bray and Atkinson, basal metabolic rate 
is low at birth and increases to its high at 1 year o f age. Then it declines at a 
relatively rz^id rate to age 20, after which it levels off and then starts a slow decline 
until death. (Bray & Atkinson, 1977)
In the 1940's, Keys, et al., began a 25-year longitudinal study of the basal 
metabolic rates (BMR) of two groups of men: an older group of 115 men, ranging in 
age from 44 to 56 years (mean = 49.6 years), and a younger group of 58 men aged 18 
to 26 years (mean = 21.9 years). In the older group, BMR was measured in years 2,
4, 7, 16, 19, and 25 at the same time of year. The younger group was asked to return 
19 years later for another BMR measurement. The results showed that the average 
decline in BMR over the range of 20 to 75 years of age was approximately 1 to 2% 
per decade (Keys, et al., 1973). Furthermore, Keys and his co-workers hypothesized 
that the age-related changes in BMR were most likely due to changes in body 
composition (Keys, et al., 1973). This was later confirmed by Tzankoff and Norris 
(1977), who found an age-independent linear relationship between BMR and muscle 
mass, as measured by 24-hour creatinine excretion, in 959 subjects. They concluded 
that "muscle mass may be wholly responsible for age-related decreases in BMR" 
(Tzankoff & Norris, 1977).
RMR and gender
There was a significant difference in RMR between men and women (Bray & 
Atkinson, 1977; Cunningham, 1980). Kleiber (1961) showed that in men, whose ages
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ranged from 17 to 62 years, there was an average daily energy expenditure range of 
27 kcal/kg to 22 kcal/kg, respectively. Women, on the other hand, expended 26 
kcal/kg daily at age 17, declining to 20 kcal/kg at age 67 years (Kleiber, 1961).
Even corrected for weight, men have a significantly higher basal metabolic 
rate than women, a difference that was seen as early as age 2 (Cunningham, 1980).
He reported that the adult male's basal metabolic rate could be estimated as 36.8 cal/ 
m^/ hr, but the adult female's was estimated at 35.1 kcal/ m^/ hr (Cunningham,
1980). However, when the basal metabolism of men and women were compared 
using LBM, the sex dfferences disappeared (Webb, 1981; Cunningham, 1980; Bray & 
Atkinson, 1977). This observation further demonstrated that LBM was the greatest 
determinant of the RMR regardless o f age, sex, and body surface area.
RMR and acute exercise
After exercise cessation, it was observed that oxygen consumption remained 
elevated for a period of time (Hill & Lupton, 1923; Edwards, et al, 1935; Gaesser & 
Brooks, 1984; Brehm & Gutin, 1986; Maehlum, et al, 1986). In the 1920's, studies by 
Meyerhof and Hill showed that, after exercise, the majority o f lactic acid resulting 
ft-om muscular contraction was metabolized to form glycogen (Hill & Lupton, 1923; 
Gaesser & Brooks, 1984). Hill and Lupton (1923) suggested that the metabolism of 
lactic acid was closely linked to the volume of oxygen consumed after exercise, 
which they named "oxygen debt ". Furthermore, they hypothesized that the elevated 
oxygen consumption after exercise was necessary to repay an oxygen deficit incurred 
during exercise.
Following Hill's and Lupton's research, the "oxygen debt " concept was widely 
accepted as the explanation for the increases oxygen consumption after exercise
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(Gaesser & Brooks, 1984). However, no study was ever able to establish a causal 
link between lactic acid metabolism and the post-exercise oxygen consumption 
(Gaesser & Brooks, 1984). In the 1970’s, Gaesser and Brooks (1984) objected to the 
use of the term "oxygen debt", stating that, "the time course of lactate removal and 
the post-exercise oxygen consumption are neither temporally nor causally related, nor 
consistent across species, as suggested by the lactacid oxygen debt hypothesis". They 
proposed use o f the term "excess post-exercise oxygen consumption" (EPOC) which 
is now primarily used.
EPOC has been observed to last anywhere from less than an hour (Brehm & 
Gutin, 1986) to over 48 hours after exercise cessation (Edwards, et al., 1935) and its 
magnitude is believed to vary with exercise intensity and duration (Brehm & Gutin, 
1986; Maehlum, 1986; Brehm, 1988; Bahr, 1992). In 1992, Bahr found a linear 
relationship between exercise duration and total EPOC for 12 hours following 
exercise at 70% of the subject's V02max- In another study, Bahr found an
exponential increase in EPOC with increasing exercise intensity (Bahr, 1992). Bahr’s 
studies demonstrated that EPOC was proportional to both duration and intensity of 
exercise.
EPOC is composed of a "rapid component ", which disappears within 
approximately one hour after exercise cessation, and a "prolonged component" which 
continues to decline monoexponentially for several hours after exercise cessation 
(Gaesser & Brooks, 1984; Bahr, 1992; Borsheim, et al, 1994). According to 
Borsheim, et al, the rapid phase is believed to be due to the "replenishment of O2
stores in blood and muscle, resynthesis of adenosine triphosphate and creatine 
phosphate, lactate removal, increased ventilation, circulation, and body temperature" 
(Borsheim, et al, 1994). The prolonged EPOC component has been found to be
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caused by an increased rate of substrate cycling (Gaesser & Brooks, 1984; Bielinski, 
et al, 1985), especially the triglyceride /  fatty acid cycle (TG/FA) (Bahr, 1990; 
Borsheim, et al, 1994). The TG/FA cycle is stimulated by catecholamines, which 
have been shown to increase during exercise (Borsheim, et al, 1994; Gaesser & 
Brooks, 1984).
The thermic effect of food on RMR 
The thermic effect of food (TEF), also known as the thermic effect of a meal 
(TEM) or diet induced thermogenesis (DIT), is an increase in metabolism after food 
ingestion which reaches its peak within one hour after the meal. TEF is caused by the 
energy-requiring processes of digesting, absorbing, and assimilating the various 
nutrients (McArdle, Katch, & Katch, 1991). The magnitude of TEF varies with both 
quantity and type of food eaten. TEF increases with increased meal size and is 
greatest with meals of pure protein (McArdle, Katch, & Katch, 1991). Exercise 
training has been found to exert a sparing effect on TEF, leading to as much as a 30% 
lower TEF in trained men than in untrained (Poehlman, et al, 1988). This sparing 
effect may be related to an increased lipid oxidation seen with trained men at rest or a 
diminished activity of the sympathetic nervous system (Poehlman, 1989). Tremblay 
and his associates (1985) provided evidence that exercise training, as well as acute 
exercise, leads to increased glucose storage which is accompanied by a reduced 
thermic response to glucose ingestion in male subjects. He further suggested that the 
increased glucose storage in trained men was offset by a large reduction in 
gluconeogenesis, leading to a net reduction of TEM. Although the TEF causes a 
significant rise in the RMR, this rise has been found to be somewhat blunted in 
endurance-trained individuals.
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Low-calorie diets and weight loss 
In 1919, Benedict, Miles, Roth, and Smith published a study performed at the 
Carnegie Nutrition Laboratory in Boston (the Carnegie Experiment). The study 
observed the BMR of 12 men placed on a semi-starvation diet of 50 to 70% of the 
subjects' estimated food requirements. After 4 months, the diet caused a weight-loss 
of 10%. The results of the Carnegie Experiment showed a significant decline in 
BMR with weight-loss. Measured directly, the average 24-hour heat production 
decreased 19% from a mean of 1686 kcal/day before the diet to a mean of 1367 kcal 
after the weight-loss.
Keys and his co-workers (1950) did a similar study in 1944 called the 
Minnesota Experiment. Thiry-two male subjects resided at the research laboratory 
for the duration of the 11-month study, which included a 12-week control period, 24 
weeks of semi-starvation, and 12 weeks of "restricted rehabilitation ". The control and 
semi-starvation diets consisted of 3492 kcal/day and 1570 kcal/day, while the 
rehabilitation diet ranged from 1931-4014 kcal/day. The subjects lost an average of 
24.24% of their body weight by the end of the semi-starvation period. The average 
body weight in the control period was 69.39 kg while that in the last week of semi­
starvation was 52.57 kg. During semi-starvation, the BMR promptly and steadily 
declined. By the end of the starvation period, the average BMR had decreased 
38.89% (Keys, et al, 1950).
The Carnegie and Minnesota experiments were breakthrough studies that 
demonstrated the severe suppressive effect of caloric restriction and weight loss on 
BMR. Since then, several other investigators have examined this effect (Apfelbaum, 
et al, 1971; Elliot, et al, 1989). In 1971, Apfelbaum and co-workers (1971) found that 
15 days of consuming only 220 kcal/day led to a 15.35% decrease in the 24-hour
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oxygen consumption of 41 obese subjects. Furthermore, the investigators found that 
eight subjects could increase their oxygen consumption by 10.95% by consuming a 
1500 kcal supplemented normal diet after 15 days. They concluded that "the change 
in energy expenditure constitutes an adaptation phenomenon; ie, an environmental 
change (intake) provokes a reaction (change in expenditure), which maintains the 
organism as constant as possible (energy stores)."
Elliot and her associates (1989) also found a depression o f the RMR after 
weight loss in 7 obese women. RMR declined rapidly during a 2-month modified fast 
o f approximately 3CX) kcal/day. RMR values did not increase after 8 weeks o f the 
post-fast maintenance period, indicating that a sustained depression of the RMR 
occured. Low-calorie diets and weight-loss lead to a decrease in the RMR.
Further research by Bailor and Poehlman (1995) suggests that this diet- 
induced decrease in RMR is due to the loss of body mass alone. They used meta­
analysis to determine the effects of dietary restriction on RMR in -650 subjects.
Their findings indicate that the decline in RMR was proportional to the loss of 
metabolically-active tissue.
The effect o f caffeine on RMR 
Caffeine has been shown to cause an elevation of the RMR. This acute 
elevation is called the "thermic effect of caffeine" (Poehlman, 1989). Poehlman, et al, 
demonstrated a 7 and 13% increase in RMR after consumption of 300 mg of caffeine 
by exercise-trained and inactive subjects, respectively. No differences in the thermic 
effect of caffeine were observed between regular caffeine consumers and non- 
consumers (Poehlman, et al, 1985). This suggests that endurance training may play
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
an important factor in the thermic effect o f caffeine, whereas caffeine-consumption 
habits are less important (Poehlman, et al, 1985).
LeBlanc, et al (1985), found contradictory results to those of Poehlman and 
associates. The effect of caffeine on RMR in eight trained and eight untrained men 
was investigated. The results showed an enhanced thermic response in trained 
subjects over untrained after consumption o f 4 mg/kg of caffeine. Furthermore, the 
investigators suggested that the greater increase in RMR with trained subjects is 
related to an enhanced lipid mobilization.
The "thermic effect of caffeine" causes an elevation of the RMR. How this 
effect is altered by endurance training remains controversial.
Hormones and RMR 
Some hormones can influence the metabolic rate, including thyroid hormones, 
growth hormone, catecholamines, and progesterone. Since the thyroid gland governs 
RMR, thyroxin has a great effect on the metabolic rate. Until better tests were 
developed, BMR was used as a thyroid function test (Fox, 1993). The thyroid 
follicles secrete thyroxine, or tetraiodothyronine (T4), which is converted to its active 
form, triiodothyronine (T3), within the cells. Thyroxine acts to stimulate the rate of 
cell respiration in almost all body cells. This effect is caused by a reduction of 
cellular ATP concentrations. ATP exerts an end-product inhibition of cell respiration. 
This means that when ATP concentrations increase, the rate of cell respiration 
decreases. When ATP concentration decreases, as it does in response to thyroxine, 
cell respiration is stimulated (Fox, 1993). Since thyroxine stimulates both ATP 
consumption and cell respiration, processes which liberate heat, the actions of
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thyroxine result in the production of metabolic heat, or increased metabolic rate (Fox, 
1993).
Growth hormone (GH), also called somatotropic hormone or somatotropin, is 
secreted by the anterior pituitary gland. It functions by stimulating cellular 
metabolism and can lead to an increase of the BMR by as much as 15-20% (Guyton, 
1991). Growth hormone acts to increase the rate o f protein synthesis in all cells of 
the body; increase the mobilization of fatty acids from adipose tissue and increase the 
use of fatty acids for energy; and decrease the rate o f glucose utilization (Guyton,
1991).
The catecholamines, epinephrine and norepinephrine, are secreted by the 
adrenal medulla upon stimulation of the sympathetic nervous system and act to 
increase the metabolic rate (Guyton, 1991). Epinephrine stimulates glycogenolysis, 
or the breakdown of glycogen to glucose, and the release o f glucose from the liver, as 
well as lipolysis, or the breakdown of fats to fatty acids, and the release of fatty acids 
from adipose tissue (Fox, 1993). Epinephrine acts as a "fight-or-flight" response to 
stress, which allows for circulating energy substrates in anticipation of the need for 
intense physical activity (Fox, 1993).
Progesterone is a female sex hormone which functions to promote secretory 
changes in the uterine endometrium during the second half of the menstraal cycle 
(Guyton, 1991). It is important for preparing the uterus for implantation of the 
fertilized ovum (Guyton, 1991). Progesterone also acts as a metabolic stimulant 
(Webb, 1986). Webb studied the 24-hour metabolic rate throughout the female 
menstrual cycle and discovered a significant elevation during the second half of the 
cycle. Eight o f ten women had increases of 8-16% (p< 0.00002) during the 14-day
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luteal phase following ovulation, when progesterone levels are elevated (Webb,
1986).
Bodv temperature and RMR
The metabolic rate increases by 12% for every 1* Celcius increase in body 
temperature (Bray & Atkinson, 1977). A thermally neutral zone o f 27 to 34.7"
Celcius exists in which BMR is not affected. Higher ambient temperatures may 
increase the body temperature enough to increase the BMR. Lower ambient 
temperatures cause shivering which functions to increase the metabolic rate and body 
temperature (Bray & Atkinson, 1977).
Energv flux
Toth and Poehlman (1996) suggest that the discrepancies about exercise 
training and RMR may be resolved by studying energy flux. "A high energy flux 
state occurs when the increased energy expenditure due to an exercise program is 
coupled to an increased intake of dietary energy to maintain energy balance. This 
increased energy flux, in turn, serves as a stimulus to enhance energy expenditure. " 
(Toth & Poehlman, 1996).
Other researchers have studied this energy flux, as well (Burke, et al., 1993; 
Goran, et al., 1994; BuUough, et al., 1995). In 1993, Burke and associates studied the 
RMR of 7 highly fit, 8 moderately fit, and 8 low fit young women. Adjusted for 
LBM, the highly fit women were found to have a higher RMR (1.08± 0.04 kcal/min) 
than the moderately fit (0.99± 0.04) and low fit (0.90±0.04) groups. Additionally, a 
positive relationship was found between RMR and energy flux.
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Goran, et al. ( 1994), investigated the effects o f altering energy flux on RMR 
in male volunteers during a 10-day inpatient period. Physical activity and energy 
intake were altered to create an energy balance at a  low energy flux state (n=5), a 
positive energy imbalance, or overfeeding (n=6), energy balance at high energy flux 
(n=6), or a negative energy imbalance, or underfeeding (n=2). A significant increase 
in RMR was noticed for the high energy flux and positive energy imbalance groups 
over the other groups. In 1995, Bullough and associates altered the physical activity 
and dietary intake in 8 exercise-trained men during 4 experimental periods: a state of 
high energy flux, low energy flux, negative energy imbalance, and positive energy 
imbalance. RMR was found to be higher during the high energy flux period. When 
compared with untrained controls, the trained men had a higher RMR per kilogram of 
LBM only in the high energy flux state.
The mechanisms that may lead to an increased RMR with a high state of 
energy flux are not well understood. It is likely that a state of increased energy flux 
stimulates increased triglyceride-free fatty acid (TG-FFA) cycling and norepinephrine 
turnover, which leads to an elevated RMR. Increased TG-FFA cycling is thought to 
enhance its sensitivity to hormonal stimulation (Newsholme & Crabtree, 1976). It 
has been shown that the rate of appearance o f glycerol and firee fatty acids is 
increased in athletes at rest compared to sedentary individuals (Klein et al, 1994). 
Furthermore, it is known that increased sympathetic nervous system activity occurs 
with endurance training (Poehlman & Danforth, 1991). This increase may lead to 
adaptations such as increased gluconeogenesis and, through unknown mechanisms, 
stimulate energy expenditure (Podolin et al, 1994). An increased sympathetic activity 
has been thought to be the main stimulus for substrate cycles and therefore may be 
responsible for increasing the sensitivity of the energy substrates to hormonal control
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(Newsholme et al, 1987). This cycling of substrates causes an increased caloric 
expenditure. Although the energy cost of each of these adaptations is small, the 
cumulative effect may be great enough to elicit the 5-10% increases in RMR that 
have been seen after training. Therefore, the elevated RMR after training may be 
associated with the energy cost of the increased turnover of substrate cycles caused 
by increased sympathetic nervous system activity.
Exercise Training and Resting Metabolism 
Recent studies have examined the effects of exercise training on the resting 
metabolic rate. Current research provides evidence that endurance training may 
elevate the RMR even more than that which can be accounted for by increases in lean 
body mass (Tremblay, et al, 1985; Poehlman, et al, 1988; Bailor & Poehlman, 1992; 
Burke, et al, 1992; Sjodin, et al, 1996).
Cardiovascular endurance training 
Tremblay and Poehlman have found, in several investigations, that endurance- 
trained subjects have a higher RMR when expressed per kilogram of lean body mass 
(Tremblay, et al., 1985; Tremblay, et al., 1986; Poehlman, et al., 1988; Poehlman, et 
al., 1989; Poehlman, et al., 1990; Bailor and Poehlman, 1992). In 1985, Tremblay, 
Fontaine, and Nadeau found RMR increases in athletes (Tremblay, et al., 1985).
Eight trained male subjects had a higher RMR per kilogram of lean body mass (1.9 ±
0.1 kcal/ kg LBM/ min) than the 5 non-trained men (1.63 ± 0.06 kcal/ kg LBM/ nun). 
O f the trained men, those who reported 12 to 16 hours of training weekly had an even 
greater RMR than those who trained 6 to 10 hours per week (2.11± 0.14 kcal/ kg 
LBM/ min vs. 1.69 ±  0.04 kcal/ kg LBM/ min) (p<0.05) (Tremblay, et al., 1985).
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The following year, Tremblay and his associates performed two studies on the 
exercise training effects on the RMR (1986). In one study, the RMR was compared 
between a group of twenty trained subjects and a group of 39 non-trained subjects. 
The absolute value of the RMR was 11% higher in the trained group (l.I7±0.03 vs. 
1.05 ± 0.02 kcal/min), but the difference was not significant when expressed per 
kilogram of LBM (Tremblay, et al., 1986). The second study was to determine 
whether obese people who engaged in an exercise program could elevate their RMR. 
Eight moderately obese women performed aerobic exercise 5 hours a week at about 
50% of their maximal oxygen consumption (V02max ) for 11 weeks. The results
showed an 8% increase in RMR, per kilogram of LBM, above pre-training values 
(pcO.Ol) (Tremblay, et al., 1986).
Poehlman also found a relationship between endurance training and RMR 
(Poehlman, et al., 1988; Poehlman et al., 1989; Poehlman, et al., 1990; Bailor and 
Poehlman, 1992). Poehlman, Melby, and Badylak (1988) observed an increased 
RMR, when expressed in both kilocalories per minute and per kilogram of LBM, in 9 
endurance-trained men over 9 untrained men (p<0.05). Poehlman, et al.(1989), also 
found a significant correlation between RMR and V02max (r=.77, pcO.Ol). Eight
highly-trained men had a greater RMR adjusted for body weight and LBM than 11 
moderately-trained and 9 untrained men (p<0.05). These results suggest that a 
minimum threshold training intensity may elicit an increase in RMR (Poehlman, et 
al., 1989).
Poehlman and his co-workers (1990) also studied the effect o f  aging on the 
training effect of the RMR. They found a 6% higher (p<0.05) RMR normalized per 
kilogram o f LBM in endurance-trained older (59-76 yr.) and younger (18-36 yr.) men 
compared to untrained men (Poehlman, et al., 1990).
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In 1992, Bailor and Poehlman compared the RMR of aerobically trained, 
resistance trained, and sedentary females. Both exercise groups had a 7% increase in 
RMR (p<0.05) over the sedentary group. When RMR was adjusted for LBM, the 
RMR for the aerobic group (4.25 ±  0.05 kJ/min) was 6% higher than the RMR for the 
sedentary group (4.05 ±  0.03 kJ/min) and 3% higher than that for the resistance- 
trained group (4.13 ± 0.05 kJ/min). Bailor and Poehlman suggested that the elevation 
in RMR from weight training was probably due to an increase in muscle mass, 
whereas the increase seen in the aerobic group was from an increase in efficiency of 
muscle tissue. "Aerobic training in young women seems to increase the rate of 
metabolic activity of resting tissues whereas resistance training does not." (Bailor and 
Poehlman, 1992)
Tremblay and Poehlman were not the only investigators to find an increase of 
RMR with endurance training (Lawson, et al, 1987; Burke, et al, 1992; Sjodin, et al, 
1996). In 1987, Lawson and co-workers studied the effects of a 10-week aerobic 
exercise program on metabolic rate and body composition on six sedentary females. 
The RMR was significantly elevated (p>0.05), but no change was observed in body 
composition (Lawson, et al, 1987).
Burke, Bullough, and Melby (1992) compared the RMR of 23 females who 
were very fit (n=7, VC>2max > 70 ml/kgLBM/min), moderately fit (n=8, 
VO2max=55-70 ml/kgLBM/min), and low fit (n=8, V02max < 55 ml/kgLBM/min). 
They showed a higher RMR adjusted for LBM in the high fit group than in the 
moderately fit and low fit groups (p<0.05). Although the moderately fit group 
exhibited a  higher RMR than the low fit group, the difference did not reach statistical 
significance.
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Sjodin, et al. (1996), also found an increase in the BMR in 8 elite endurance 
athletes (4 male, 4 female) at least 39 hours after their last training session, when 
compared to sedentary controls. The athletes had a 13% higher BMR (pcO.OOl) 
adjusted for LBM than the controls.
Although many studies support a positive relationship between RMR and 
endurance training, several studies have failed to find this relationship. As early as 
1928, Steinhaus concluded from his research that resting metabolism was not changed 
by endurance training in dogs (Steinhaus, 1928). A 1970 study of resting oxygen 
consumption of rats by Teijung and Tipton also found no training effect (Teijung & 
Tipton, 1970).
Bingham, et al. (1989), studied the effect of a 9-week jogging program on the 
BMR of 6 healthy male and female subjects and found no significant change in BMR. 
Schulz, et al. (1991), were also unable to find a relationship between endurance 
training and BMR. Twenty highly-trained male endurance athletes were matched 
with 43 untrained men for age, height, weight, and LBM. No differences were found 
between the two groups for 24-hour energy expenditure, BMR, sleeping metabolic 
rate, or TEM. Similarly, Broeder and his coworkers (1992) found no significant 
difference in the RMR between 69 trained and untrained males exhibiting a wide 
range of fimess levels (V02max= 32.8 - 78.1 ml/kg/min). The investigators
concluded that "RMR is independent of both a person's current aerobic level and 
training status". Another study by Broeder, et al. (1992b), provided further evidence 
that no relationship exists between endurance training and RMR. This study 
compared the effects of two 12-week training programs (resistance and 
cardiovascular endurance) to a control group. RMR was not significantly different 
between any of the groups.
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It is apparent that the effect of physical training on RMR is an area of 
controversy. While several studies support an elevated RMR with exercise training, 
many fail to find any such relationship. However, there appear to be more studies 
that support the increased RMR with training than those not showing a change. It 
also appears that the studies showing this increase in RMR are more substantial. 
Tremblay was able to find an increased RMR with exercise training in 2 studies 
(Tremblay, et al, 1985; Tremblay, et al, 1986), while Poehlman has successfully 
found this increase in 4  different investigations (Poehlman, et al., 1988; Poehlman et 
al., 1989; Poehlman, et al., 1990; Bailor and Poehlman, 1992).
Resistance training
Studies of the effects of resistance training on RMR have been equally 
inconclusive. Some researchers have found increases in the RMR with resistance 
training. Poehlman, et al. (1992) compared RMR in 36 aerobic-trained, 18 resistance- 
trained, and 42 sedentary men. The aerobic-trained group had a 5% higher RMR, 
expressed per kilogram of LBM, over the resistance-trained group, while the 
resistance-trained men had a 5% higher RMR, expressed per kilogram of LBM, over 
the sedentary group. The researchers concluded that the large difference between the 
RMR of the aerobic-trained and the resistance-trained groups indicated that different 
physiological mechanisms may be responsible for the RMR increases in the two 
groups. According to Poehlman et al (1992), the increase in RMR after endurance 
training is due to an increase in the rate of norepinephrine appearance into circulation, 
suggesting involvement o f the sympathetic nervous system. The researchers further 
explain that sympathetic nervous system activity is an unlikely explanation for the 
elevation of RMR in the resistance-trained group because plasma concentrations of
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norepinephrine in weight-lifters are no different than in untrained men (Poehlman, et 
ai, 1992). Instead, the increased RMR in the resistance-trained men is likely to be 
caused, in part, by the increase in protein turnover that has been found with exercise 
training. Muscle hypertrophy is believed to be caused by an enlargement of muscle 
fibers resulting from enhanced protein synthesis (Poehlman, et al, 1992). Therefore, 
differences in the intensity of muscle protein synthesis or differences in the energy 
cost of muscle cell damage and repair may partially be the cause of the elevated RMR 
that has been seen in aerobic and resistance-trained individuals (Poehlman, et al,
1992).
Pratley and coworkers ( 1994) found a RMR increase of 7.7% in 13 older men 
after 16 weeks of resistance training (6449± 217 vs. 6998± 226 kJ/24 hr). This 
increase remained significant even after expressing RMR per kilogram of LBM.
Since the RMR measurement was performed only 22 to 24 hours after the last 
exercise session, the researchers suggested that the elevated RMR may be due to an 
acute effect of exercise.
Bosselaers, et al. (1994), found a higher 24-hour energy expenditure in 10 
resistance trained individuals than in 10 controls matched for age, sex, and percent fat 
(1 1.82± 0.51 vs. 10.34+ 0.36 M J/d). When adjusted for differences in LBM, 
however, the difference did not persist ( 11.24± 0.05 vs. 10.91+ 0.16 MJ/d).
Several researchers have found no differences in the RMfil of weight-trained 
and untrained individuals. In 1992, Bailor and Poehlman found no significant 
differences in 13 resistance-trained and 48 untrained younger women (4.13± 0.05 vs. 
4.05± 0.03 kJ/min). However, 21 aerobically-trained women had a 6% higher RMR 
when compared to the other two groups. Broeder and associates (1992) found no 
changes in the RMR of 13 previously-sedentary young men after 12 weeks of high-
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intensity resistance training even though the LBM increased by 2 kg. Similarly, Van 
Etten, et ai. (1995), found no change in the SMR of 21 young men after 12 weeks of 
resistance training even though LBM increased by 1.1 kg. Additionally, Toth and 
coworkers (1995) found no differences in RMR between 19 resistance-trained and 30 
untrained individuals.
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METHODOLOGY 
Twenty-nine healthy male subjects participated in the resting metabolism 
study. The subjects were divided into one of three groups: an aerobically fit group 
(CV), a muscularly fit group (WT), and a sedentary group (Sed). The ages of the 
subjects ranged from 18 to 35 years, and the weight of the subjects was limited to a 
36 lb. range (157-193). Table 1 shows the group averages for age, height, weight, 
and percent fat.
Table 1
Phvsical Characteristics
33
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age (years) height (in) weight (kg) percent fat
CV 27.3 71.1 78.85 9.28
(n = 9) ±3.94 ±1.84 ±5.11 ±1.71
WT 24.4 70.3 79.27 11.55
(n = 10) ±3.34 ±1.58 ±5.26 ±4.99
Sed 26.9 71.1 77.84 15.28
(n = 10) ±5.55 ± 1.66 ±4.68 ±3.81
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Experimental Protocol 
First Test Dav
The subjects were asked not to eat for 6 hours prior to testing and to refrain 
from exercise the day before the test. Subjects reported to the exercise physiology 
laboratory 15 minutes prior to the start o f testing on the first day. They read and 
signed the informed consent form and completed a short questionnaire on eating and 
exercise habits (see Appendix I). Any questions about the study were then answered.
Standing height was taken with an anthropometer and measured in 
centimeters. Weight was taken and recorded in kilograms.
Bodv composition measurements
Body composition was estimated with the Jackson/Pollock sum of four 
skinfolds equation. This equation uses age as a parameter to the skinfold 
measurements and is valid and reliable for both men and women. It correlates .94 
with underwater weighing (Golding, et al., 1989).
Harpenden calipers were used for measuring the skinfold thickness. These 
calipers have a jaw surface area of 90 mm^ and pressure of 900g. They meet the 
established caliper standard jaw pressure of 10 g/mm^ and have a constant tension 
spring, meaning that the jaw  pressure will remain 9(X) g regardless of how wide the 
calipers are opened (Golding, et al., 1989).
The Jackson/Pollock prediction equation is based on measurements made with 
Lange calipers, which consistently yield higher skinfold measurements. A correction 
factor was used to make the Harpenden measurements identical to Lange 
measurements. If the skinfold thickness was 15 mm or less, 1 mm was added to the
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Harpenden measurement. If the thickness was greater than 15 mm, then 2 mm were 
added to the Harpenden measurement. (Golding, et al., 1989).
The four skinfold sites used in the Jackson/Pollock equation are as follows:
a. abdominal - vertical fold taken 1 inch to the right o f the umbilicus
b. ilium - diagonal fold taken on the mid-axilary line on top of the iliac crest
c. tricep - vertical fold taken halfway between ± e  acromion and olecranon
processes
d. thigh - vertical fold taken halfway between the top o f the patella and the
groin line
The four measurements were summed and the Jackson/Pollock computation 
table was used to estimate body fat percentage (see appendix IV). The table is based 
on the Jackson/Pollock sum of four skinfolds equation for men:
Percent fat = 0.29288 ( 4) - 0.005 (4 ) 2 +  o . 15845 (Age) - 5.76377
The standard error (SE) for this equation is 3.49% fat and R= 0.901 (Golding, 
et al., 1989).
Resting Metabolic Rate
Resting metabolism was measiured using open circuit spirometry. The 
Vacumed Turbofit system and Vista^^ gas analyzers by Vacumetrics were used. This 
system uses a paramagnetic oxygen analyzer and an infrared carbon dioxide analyzer.
The laboratory was arranged to maximize privacy for the subject. The resting 
metabolism measurements were taken early in the morning when the laboratory was 
quiet. A barrier wall was used to create a semi-dark private space for peaceful rest. 
Soft music was played to mask any laboratory sounds.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36
Each testing day, the Vista/Turbofit system was calibrated in accordance with 
the manufacturer’s specifications (see Appendix IV).
The subject was fitted with a Hans Rudolph mouth-breathing face mask with a 
t-shaped one-way directional flutter valve. This mask covered the subject’s nose and 
mouth.
Once fitted with the face mask, the subject reclined in a supine position on a 
bed in the laboratory. A flexible, plastic hose was used to connect the face mask 
outflow valve to the Vista gas intake port. Expired air was then analyzed every 30 
seconds for 20 minutes. The first 10 minutes were used to familiarize the subject 
with the equipment and to allow him to relax. The remaining 10 minutes o f gas 
collection were used to collect the resting metabolism data. Measurements longer 
than 20 minutes often result in the subject falling asleep or becoming restless.
During the gas collection period, the subject was asked to limit unnecessary 
movements. The lights were turned down in the testing area and a blanket was placed 
beside the subject for use if he began to feel cool. Additionally, a writing tablet was 
available next to the subject for communication with the tester, if necessary.
Second Test Day
Maximal Treadmill Test
Explanation.
Maximal oxygen uptake (V02max) is the body’s maximum ability to take up 
and transport oxygen to the working muscles. V02max is considered to be the best 
determinant of cardiovascular fimess. Although several types of tests exist for
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determining V02max. running on the treadmill uphill has been shown to elicit the
highest oxygen uptake (Astrand, 1986).
In the present study, a  maximal treadmill test was used to determine V02max
The subject ran on the treadmill at a constant speed while the grade was increased at 
one-minute intervals. During the test, the subject's expired air was analyzed for 
oxygen uptake every 15-seconds. The goal o f the test was to elicit a VO2 plateau
despite an increase in the workload. Such a plateau was often difficult to achieve, so 
the subject continued until he reached voluntary maximal exertion, or the point where 
the he was imable to continue. This point was tracked with a subjective 20-grade 
scale for ratings of perceived exertion.
The Vacumed Turbofit system and Vista^* gas analyzers by Vacumetrics 
were used for the maximal treadmill test. Each testing day, the Vista/Turbofit system 
was calibrated in accordance with the manufacturer’s specifications 
(see Appendix IV).
Step bv Step Procedure.
1. The purpose and procedure o f the treadmill test were explained to the subject.
The subject was instructed that he would be running for approximately 10-14 minutes 
at a constant pace while the treadmill grade would be increased by 2% at one-minute 
intervals. At the end of each minute, the subject would be asked to point to the 
number on the Borg Scale o f  Perceived Exertion chart which best described the 
amount of work he felt he was doing at the time (see Appendix IV). This scale ranges 
from 6 (very, very light work) to 20 (very, very hard work). Additionally, hand 
signals, such as "feeling OK" and "stop the test ”, were shown to the subject for 
further communication with the test administrator. The subject was instructed to
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straddle the treadmill belt when he felt he could no longer continue with the test or if 
he experienced any problems during the test, such as dizziness or nausea, which he 
would then report to the test administrator.
2. A Polar heart rate monitor was strapped around the subject's chest with the two 
electrodes just below each nipple for monitoring the heart rate during the test. The 
age-estimated maximum heart rate formula (220-age) was used to approximate when 
the subject reached his maximum V02-
3. A mouthpiece attached to a  one-way directional flutter valve was inserted into the 
subject’s mouth and a head unit was tightened around his head to hold the mouthpiece 
steady during the test. A noseclip was placed on the subject’s nose to prevent 
breathing through the nose. The expired airflow valve from the subject’s mouthpiece 
was then connected to the Vista Oxygen Analyzer System so that room air was 
inspired and the expired air was directed to the system gas analyzer.
4. The first two minutes o f the treadmill test were used as a warm-up period. The 
cardiovascular group began with a 7mph jog at 0% grade, while the weight-trained 
and sedentary groups warmed-up with a 3.5 mph walk at 0% grade.
5. After the two-minute warm-up, the treadmill speed was increased to 9mph for the 
cardiovascular group or 5mph for the other groups and the incline remained at 0%.
The speeds were chosen since 9 mph was chosen as good pace by the competitive 
runners in the cardiovascular group and 5 mph is a slow jog for the non-runners. The 
slower pace was necessary for the subject to withstand the steeper grades as the test 
progressed.
6. At the end of each minute, the subject was asked to indicate his rating of perceived 
exertion (RPE). The RPE and the heart rate were then recorded on a  score sheet (see
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Appendix I)- The grade o f the treadmill was increased by 2% at the end of each 
minute.
7. The test was terminated when an increase in treadmill incline no longer resulted in 
an increase in VO2 or heart rate, or when voluntary maximal exertion was indicated.
8. The treadmill grade and speed were lowered to 0% and 3 mph and the subject 
cooled down until a heart rate o f 120 bpm or less was observed.
9. The mouthpiece, nose clip, and heart rate monitor were removed from the subject 
and the subject was allowed several minutes to relax and drink water.
Muscular Fimess
Muscular fimess was measured using the National YMCA bench press test 
protocol as well as a biceps curl test. The bench press and biceps curl tests measure 
the strength and muscular endurance of the elbow flexors and extensors. H. Harrison 
and David H. Clarke (1987) had found a strong correlation between elbow flexors and 
elbow extensors and total body strength. The bench press test uses the elbow 
extensors and the shoulder flexors. An 80 lb. bar was used because this is the average 
man's 15-repetition maximum. The bicep curl test is a test of elbow flexor strength.
A 35 lb. bar was used because it is the average man’s 15-repetition maximum.
1. Bench press. The subject lay in a supine position on a bench press bench. A 
barbell weighing a total o f 80 lbs. (bar and weights) was given to the subject in the 
down position. A metronome was set at 60 bpm. On each beat, an up or down 
movement occurred. The subject continued doing bench presses until he could not 
keep rhythm or he could not complete another press. The number of repetitions was 
then recorded.
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2. Bicep Curl. The subject was instructed to lean back against a wall with the feet 
forward and the knees slightly bent to prevent the back from arching. A barbell 
weighing a total of 35 lbs. (bar and weights) was given to the subject in the down 
position. A metronome was set at 60 bpm. On each beat, an up or down movement 
occurred. The subject continued doing bicep curls until he could not keep the rhythm 
or he could not complete another curl. The number of repetitions was then recorded.
Analysis o f Results 
The hypothesis of the study was that the RMR of the CV and WT groups were 
higher than that o f the Sed group due to a training effect. Each subject's mean RMR 
(L/min) was determined by using the RMR at minutes 10:00 through 19:30 (20 
values) of the RMR test (see Appendix H). Two methods of reporting RMR were 
used:
1. RMR (ml/kg min)
2. RMR (ml/kg LEM min)
Two one-way analysis of variance comparisons were made to determine which, if 
either, o f the RMR adjustments showed significant differences among the three 
training groups. A SAS computer program was used to perform the ANOVA 
comparisons.
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CHAPTER 4 
RESULTS AND DISCUSSION 
Results
The purpose of this study was to measure the resting metabolic rate (RMR) in 
a post-absorptive state at least 30 hours after the last bout of exercise of three 
different groups: cardiovascularly fit (CV), musculariy fit (WT), and sedentary (Sed) 
individuals and compare the RMR among the three groups. The hypothesis was that, 
due to a training effect of exercise, the RMR of the CV group and the WT group 
would be higher than that of the Sed group.
Subject Differences
In order to determine that the subjects met the criteria for the three groups, 
four tests were administered:
1. Maximum oxygen consumption (VO^max)
2. Maximal bench press 80 lbs.
3. Maximal biceps curl 35 lbs.
4. Body composition
1 ) Maximum Oxygen Consumption fVO^fn^^)
Table 1 shows that the CV group had the highest V02max (67.8 mL/min), 
while the V02max of WT was similar to that o f Sed (43.39 and41.03 ml/kg min).
41
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Since the V02max is a measure of cardiovascular fitness, the higher V02max in the 
CV group was expected. The CV group was composed o f competitive runners and 
the other two groups reported no cardiovascular exercise.
2) Bench Press
Table 1 also shows that WT scored highest on the bench press test (40 
repetitions), while CV and Sed had similar scores (25 and 21 repetitions, 
respectively).
3  ^Biceps Curl
WT also scored highest on the bicep curl test (31 repetitions), while CV and 
Sed had similar scores (24 and 23 repetitions, respectively). The difference in scores 
for these strength tests were expected since neither the CV group nor the Sed group 
engaged in any type of resistance training on a regular basis, while the WT group had 
been training with weights for over 1 year.
4) Body Composition
Comparing body composition measurements. Table 1 shows that the CV 
group had the lowest percent body fat and the highest LBM of the three groups 
(9.28% body fat and 71.59 kg LBM). The WT group was 11.55% body fat and 
70.04kg LBM.
The Sed group had the highest percent fat (15.28%) and the lowest LBM (65.9 
kg LBM). Although the percent fat o f the Sed group was high compared to the 
training groups, it was low compared to the average population (see Appendix IV).
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This may be due to a tendency of the respondants who were willing to participate in 
the study to be more lean.
Table 1
Body Composition and Performance Measurements
bench bicep
weight LBM % fat y 02max press curls
(kg) (kg) (ml/kg) (reps) (reps)
CV mean 78.85 71.59 9.28 67.79 25 24
sd ±5.11 ±5.45 ±1.71 ±3.43 ±2 ±2
WT mean 79.27 70.04 11.55 43.39 40 31
sd ±5.26 ±5.08 ±4.99 ±3.80 ±5 ±4
Sed mean 77.84 65.9 15.28 41.03 21 23
sd ±4.68 ±3.54 ±3.81 ±3.74 ±4 ±3
Resting Metabolism Measurements 
RMR was expressed in three ways: as RMR (L/min), as RMR per kilogram of 
body weight (ml/kg min), and as RMR per kilogram of lean body mass (ml/kg LBM 
min), since these are the most commonly reported methods of expressing RMR. The 
measurements are presented in Table 2.
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RMR Comparisons
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RMR RMR RMR
fL/min) (ml/ kg min) (ml/kg LBM min)
CV mean 0.2527 3.205 3.529
sd ±0.033 ±0.357 ±0.353
WT mean 0.2415 3.032 3.464
sd ±0.048 ±0.481 ±0.628
Sed mean 0.2339 3.005 3.550
sd ±0.052 ±0.642 ±0.770
In Table 2, when RMR is expressed per kilogram of body weight, the mean 
RMR for the cardiovascular group was 3.205 ml/kg min, while those of the weight- 
trained and sedentary groups were 3.032 and 3.005 ml/kg min, respectively. A one­
way ANOVA comparison revealed no significant differences among any of the three 
groups (F=0.42, p>0.05) (see Appendix IE). Since the common expression of 1 MET 
equals 3.5 ml/kg min, it can be seen that all three groups are close to the overall 
average.
Table 2 also presents the RMR with an adjustment for differences in LBM. 
When expressed per kg of LBM, the cardiovascular group mean was 3.529, the 
weight-trained group averaged 3.464, and the control group averaged 3.550. The 
one-way ANOVA comparison indicated no significant differences among these three 
groups (F=0.05, p>0.05) (see Appendix HI). So regardless of whether RMR was 
reported as mL/kg or mL/kg LBM, there was no difference among the groups.
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Discussion
These results are consistent with the findings o f Teijung and Tipton (1970), 
Bingham, et al. (1989), Schulz, et al. (1991), and Westerterp, et al. (1994), who 
reported no training effect from endurance exercise on RMR. However, other studies 
have reported significant differences in RMR with cardiovascular exercise.
Tremblay, et al. (1986), Lawson, et al. (1987), Poehlman, et al. (1989, 1990),
Aimeras, et al. (1991), and Sjôdin, et al. (1996) ail reported significant increases in 
RMR expressed as mL/kg and as mL/kg LBM in those who were cardiovascularly fit. 
Other studies have found increased RMR in cardiovascularly-trained subjects, but the 
differences lose statistical signifrcance when expressed as RMR per kilogram LBM, 
indicating that any differences in RMR are due to differences in LBM(Broeder, et al., 
1992, and Smith, et al., 1997).
Studies of the effects of resistance training on RMR have been equally 
inconclusive. The present study found no resistance-training effect on RMR 
expressed either per kilogram of total body weight or per kilogram of LBM. These 
findings are consistent with those of Bailor and Poehlman (1992), Broeder, et al.
( 1992), Toth, et al. (1995), and Van Etten, et al. (1995) who also showed that 
resistance training does not result in an increased RMR.
Some studies have found increases in the RMR with resistance training 
(Poehlman, et al., 1992 and Pratley, et al., 1994). Bosselaers, et al. (1994), found a 
higher 24-hour energy expenditure in 10 resistance trained individuals than in 10 
controls matched for age, sex, and percent fat. When adjusted for differences in 
LBM, however, the difference did not persist.
The literature remains inconsistent about the relationship between exercise 
training and RMR. Approximately equal numbers of studies have found that aerobic
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fitness is associated with an increase in RMR as those showing no change in RMR. 
This discrepancy may be due to several factors:
EPOC
An increase in RMR following exercise is referred to as excess post-exercise 
oxygen consumption (EPOC). This elevation in RMR has been found to last 
anywhere from less than an hour after to over 24 hours, depending on the duration 
and intensity of exercise (Brehm, 1988). Therefore, if RMR testing was done too 
soon after exercise (<30 hours), the RMR might reflect an increase due to this factor. 
In the present study, subjects were asked to refrain from exercise on the day prior to 
the RMR testing and therefore had not exercised in over 30 hours prior to RMR 
testing.
Lawson, et al (1987), reported an elevation in RMR of six women after 
completing a 10-week exercise program. No indication was made about how long the 
subjects had abstained from exercise prior to the RMR testing, however it was stated 
that the RMR measurements were made on a "non-exercise day ". This implies that 
the day prior to the testing was an exercise day, and therefore a possible EPOC may 
have remained from the last bout o f exercise.
Pratley and coworkers (1994) reported an 8% increase in 13 older men after 
16 weeks of resistance training. Since the RMR measurements were performed only 
22 to 24 hours after the last exercise session, the elevated RMR may be due to an 
acute effect of exercise.
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Subject selection
Many factors, in addition to EPOC, can influence the RMR, therefore it is 
imperative that the subjects are screened carefully. Such factors include smoking, 
changes in body weight, caffeine ingestion, certain medications, obesity, and other 
diseases.
The two studies by Poehlman and his associates (1989,1990) that found 
increases in RMR with training were thorough in screening the test subjects for 
smoking, medication, diabetes, obesity, and weight stability. However, other such 
studies were unclear about the subject screening criteria. The study by Lawson, et al 
(1987), included two women who were cigarette smokers. The volunteers in the 
present study were screened for these factors.
RMR testing procedure
The method used to collect expired gases varies among studies. There is some 
indication that using a mouthpiece and noseclip is uncomfortable and with prolonged 
testing may affect the measurement of RMR. Two studies by Tremblay, et al 
(1986a,b) which found increases in RMR used data collected with a mouthpiece and 
noseclip. This may have created nervousness with the subjects which could lead to 
inaccurate RMR measurements, even though it has been suggested that no significant 
differences exist in the RMR when the expired air was collected using a mouthpiece 
and noseclip, face mask, or a ventilated hood (Smith, et al., 1997). In this study, a 
face mask was used under the assumption that a mouthpiece and noseclip would 
make the subject restless.
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Data analysis
The method of analyzing the RMR data varies among studies. The present 
data was analyzed with two ANOVA comparisons and two Tukey’s post hoc tests. It 
is possible to alter the test results by varying the method of analysis. In a  study by 
Tremblay, et al (1986), no difference in RMR, expressed per kilogram o f LBM.was 
found between 20 trained and 39 untrained subjects when the data was analyzed with 
a t-test. When RMR and LBM were transformed into Z scores, however, a significant 
difference was found between the intercepts with the Y axis.
Sample size
Small sample sizes make it difficult to generalize the results to a larger 
population. A study by Tremblay and his coworkers (1986b) reported an increase in 
RMR after an 11-week exercise program. This study used only eight women, which, 
according to Smith, et al (1997), is not a sufficient sample size for generalizing results 
to a larger population. The present study used 9-10 subjects per group, 29 subjects 
total.
Energy flux state
Toth and Poehlman (1996) suggest that the discrepancies about exercise 
training and RMR may be resolved by studying energy flux. Energy flux refers to an 
individual’s total energy intake combined with energy expenditure. A high energy 
flux state occurs when energy intake is increased to match the demands of an 
increased energy expenditure, and a low energy flux state occurs when both energy 
intake and expenditure are low (Toth & Poehlman, 1996).
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Other researchers have studied this energy flux and found that RMR, 
expressed as mL/kg min and mL/kg LBM min, was elevated when the subjects were 
in a high energy flux state (Burke, et al., 1993; Goran, et al., 1994; BuUough, et al., 
1995). The present study did not investigate energy flux state.
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CHAPTERS 
SUMMARY AND CONCLUSIONS 
Summary
Daily energy expenditure is primarily comprised of three components: resting 
metabolic rate (RMR), the thermic effect of feeding (TEF), and the thermic effect of 
activity (TEA). The RMR is the energy expenditure necessary to maintain the 
physiological processes during rest in a post-absorptive state. For most people, RMR 
is the largest component of the daily energy expenditure. TEF contributes only 
approximately 10% of the daily energy expenditure, while TEA contributes 20-40%, 
depending on the individual's activity level. Physical activity not only influences 
TEA, but has been reported to affect RM R as well. While some studies have found 
RMR to vary with physical fitness level, others have found that it doesn’t change.
The present study focused on the relationship between physical activity and RMR.
Exercise training often results in an increase in muscle tissue, or lean body 
mass (LBM). LBM has been shown to be the main determinant of RMR, and 
therefore a chronic effect of exercise training on RMR could be explained by a 
change in body composition. However, some researchers have found a higher RMR 
in trained individuals even after correcting the RMR for differences in LBM. 
Tremblay and his associates (1985, 1986) and Poehlman et al. (1988,1989, 1990) 
have shown RMR to be higher in exercise-trained individuals than in nontrained 
individuals. According to Poehlman et al. (1989), possible mechanisms include an
50
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increased resting stroke volume, increased number and size of muscle mitochondria, 
increased protein metabolism, and an increased level o f glucose storage.
Other researchers have found no increase in RMR with exercise training 
(Bingham, et al., 1989; Schulz, et al., 1991; Broeder, et al., 1992 and 1992b; Bailor 
and Poehlman, 1995; Van Etten, Westerterp, and Verstappen, 1995; and Smith, et al., 
1997). Furthermore, Smith and associates (1997) found not only that RMR is not 
changed with exercise training, but that LBM was the only significant predictor of 
RMR by multiple linear-regression analysis.
Whether RMR can be altered with exercise training is a controversial topic 
and knowing exactly how exercise training can affect RMR could be of great 
importance in the prevention and control o f obesity. The present study compared and 
contrasted the RMR of aerobically fit, musculariy fit, and sedentary males. Based on 
a screening questionnaire and fitness tests, 29 healthy male subjects between the ages 
of 18 and 35 were placed into one of three groups: an aerobically fit group (n=9), a 
musculariy fit group (n = 10), or a sedentary group (n = 10). All subjects were tested 
for body composition, aerobic fitness, muscular fimess, and RMR using open circuit 
indirect calorimetry.
RMR was compared among the three groups; first expressed as mL/kg min 
and secondly expressed as mL/kg LBM min. The aerobically fit group had a mean 
RMR of 3.205± 0.356 mL/kg min and 3.529± 0.353 mL/kg LBM min, while the 
musculariy fit group had a RMR of 3.032± 0.482 mL/kg min and 3.464± 0.628 
mL/kg LBM min and the sedentary group had a RMR of 3.005± 0.642 mL/kg min 
and 3.550± 0.770 mL/kg LBM min. Two one-way ANOVA comparisons were 
performed to compare the RMR of the three training groups both as a function of
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body weight and LBM. The ANOVA tests showed no significant differences among 
the three groups in either o f  the comparisons.
If exercise training did change the RMR it could potentially increase the rate 
of weight loss and make the control of obesity less difficult However, even if 
exercise Uraining does not increase RMR, it can enhance total daily energy 
expenditure by increasing the TEA and excess post-exercise oxygen consumption 
(EPOC).
Conclusions
The following conclusions can be drawn from this study:
1. Resting metabolism expressed as mL/kg min was not changed as a result of 
cardiovascular endurance training. The CV group had a RMR of 3.21 mL/kg min, 
while the RMR of the Sed group was 3.01 mL/kg min. This was not a significant 
difference.
2. Resting metabolism expressed as mL/kg min was not changed as a  result of 
resistance training. The W T group had a RMR of 3.03 mL/kg min, while the RMR of 
the Sed group was 3.01 mL/kg min. This was not a significant difference.
3. Resting metabolism expressed as mL/kg LBM min was not changed as a result of 
cardiovascular endurance training. The CV group had a RMR of 3.53 mL/kg LBM 
min, while the RMR of the Sed group was 3.55 mL/kg LBM min. This was not a 
significant difference.
4. Resting metabolism expressed as mL/kg LBM min was not changed as a result of 
resistance training. The W T group had a RMR of 3.46 mL/kg LBM  min, while the
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RMR of the Sed group was 3.55 mL/kg LBM min. This was not a significant 
difference.
General Recommendations
The following is a list of general recommendations based on the outcome of this 
research:
1. Endurance training appears not to be useful for increasing RMR, however it is still 
important in weight control as a  tool for increasing daily energy expenditure via an 
increase in TEA and EPOC.
2. Strength training did not increase RMR. However increasing LBM, which can 
result from strength training, may cause an increase in overall RMR expressed as 
L/min, but not expressed as mL/kg LBM min. Resistance training is also useful for 
increasing daily energy expenditure because it will increase TEA and EPOC.
Recommendations for Further Research
1. Two RMR measurements should be taken for each subject, with the lowest of the 
two readings used as data. This would assure that the RMR reading for each subject 
is the lowest possible.
2. Having the cardiovascular and the weight-trained groups in the same weight range 
made it difficult to find the truly elite athletes in each field. An alternative would be 
to use a different weight range for each group and have sedentary controls that fall 
into both weight ranges.
3. The laboratory temperature in this study could not be controlled, so blankets were 
used to keep the subjects comfortable. This effort necessary to cover up when cold
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could potentially lead to a higher RMR measurement. By having a controlled 
temperature (27 to 34.7“ C) this could have been avoided.
4. A food and activity log kept by each subject would have been helpful to observe 
the approximate energy balance o f each individual, analyze the subject's energy flux 
state, and to assure that the subject was in a post-absorptive state and had abstained 
from exercise the day prior to the test.
5. Having the subject rest in the lab for 30 minutes prior to the RMR measurement 
may provide lower RMR readings. This would give the metabolic rate more time to 
normalize in the event that the subject rushed to the lab.
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University o f Nevada, Las Vegas 
EXERCISE PHYSIOLOGY LABORATORY 
RESTING METABOLISM STUDY 
Informed Consent
The purpose of this study is to determine the effects of lean body mass, percent 
body fat, and physical fitness level on resting metabolic rate. Resting metabolic rate of 
each subject will be measured in a resting condition for 30 minutes. Lean body mass and 
percent body fat will be determined by underwater weighing. A maximum treadmill test 
will be performed to determine maximal aerobic capacity. Muscular strength will be 
assessed through a bench press test and a biceps curl test. The testing will take about 60 
minutes on three separate occasions for a total of approximately three hours. There is 
very little risk of injury during the testing procedure, and all precautions will be taken to 
prevent tripping, falling or light-headedness.
This study will benefit you by providing information regarding your resting 
metabolism, your body composition and your current level o f fitness. All records will 
remain confidential. Only research personnel will have access to the files. If the study is 
published, no names or individual data will be used. Participation is strictly voluntary 
and subjects may choose to withdraw from the study at any time without penalty.
Any questions regarding the study, its purpose, design, procedures, or significance 
may be directed to Katherine Heimburger or Dr. Lawrence Golding at 895-3766. 
Questions about the rights of research subjects can be directed to the Office of Sponsored 
Programs at 895-1357.
Your signature below indicates that you wish to volunteer as a participant in this 
study and that you have read and understand the information above.
Subject’s Signature___________________________________  Date
Witness Signature____________________________________  D ate.
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UNLV EXERCISE PHYSIOLOGY LAB 
RESTING METABOLISM STUDY 
Questionnaire
N am e__________________________  ID ___________  Date
A ddress___________________________________________ Phone.
Date of B irth________________
1. Have you engaged in any physical activity today? YES NO 
If yes, describe.
2 . Have you engaged in any strenuous exercise within the past 24 hours? YES NO 
If yes, describe.
3. Have you had anything to eat or drink besides water within the past 6 hours? 
YES NO 
If yes, describe.
4. How often do you engage in aerobic exercise? times/ week.
If you don't participate in aerobic exercise, skip to number 8.
5. What is the typical duration of your aerobic workout? _______ minutes.
6. What intensity do you maintain during your aerobic worlouts:
a. light (ie. easy to moderate walking)
b. moderate (ie. fast walk, lower-intensity aerobics classes, slow jogging)
c. heavy (ie. mnning, high-intensity aerobics classes)
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7. How often do you lift weights? times/ week.
If you don’t lift weights, skip to number 11.
8. If you lift weights, how do you train?
a. Low repetition (<10) /  heavy weight
b. High repetition (>10) /  light weight
9. If you lift weights, describe your weight-training routine, please include warm-up: 
(ie. MWF: chest, tricep, legs; TTh: back, bicep, shoulders)
10. Do you smoke? YES NO
If yes, when did you have your last cigarette?
IL  Do you use any other tobacco product? YES NO
12. Have you recently had a change in body weight? YES NO 
If yes, describe.
13. Do you feel nervous about this testing? YES NO A Little
Are you experiencing emotional or mental stress for any other reason? YES NO
14. How much sleep did you have last night? _________ hours.
Did you sleep well? YES NO
15. Are you taking any medication? If yes, which? __________
16. Do you have diabetes or any other medical condition?
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UNLV EXERCISE PHYSIOLOGY LAB 
RESTING METABOLISM STUDY 
Score Sheet
Name
Date Time
ID
W eight.
Group; CV WT Cntrl
lb kg
Height in LB M  kg Fat m ass kg % fa t %
Face Mask: small medium
RMR: day 1 day_2 RHR
L/min Sleep? YES NO
L/kg min
L/kgLBM
L/BSA min
V02max: . ml/min
Bench Press: repetitions
Bicep Curls: repetitions
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Skinfolds:
tricep_________mm
abd mm
Age
Sum of four
years
mm
hip
thigh
mm
mm
Percent fat %
V0 2 ma%:
stage:
w-u ( 1)__
w-u (2)__
w-u (3)__
1
2
3
4
5
6
7
8 
9
mph erade
predicted max. H R_
HR___________RPE V02
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8■D'<
( O '
3.3"
CD
CD■D
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o
CDQ.
■D
CD
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SubJ. «fie V02max abd hip tri ICfi % fat wt(lb) wl(kg) fat(kR) LBM(kg) ht(in) BSA bench curl
TO CV 27 73.4 13 16 8 13 11.6 157 71.5 9.3 63.2 69 1.86 23 25
DD CV 26 68.2 13 19 6 6 10.3 164 74.5 7.7 66.9 72 1.95 30 25
JC CV 34 64.9 9.5 10 5 8 8.1 166 75.3 8.6 69.2 72 1.97 24 25
JU CV 21 71.4 12 13 6 8 8.3 164 74.7 13.5 68.5 71.5 2.02 24 20
JB CV 24 62.1 12 11 8 10 9.1 182 82.7 7.4 75.3 71 2 25 22
JKcv 28 69.5 10 8 4 5 6 188 85.32 7.5 80.2 69 2.03 28 26
EL CV 25 66.5 13 9 8 8 9.1 185 84 7.6 76.4 75 2.08 26 24
RS CV 30 65.8 14 12 10 9 11.1 172 78 8.6 69.4 71 1.95 23 24
BPcv 31 68.3 11 11 9 8 9.9 184 83.6 8.4 75.3 70 2 25 23
mean (cv) 27.3 67.788889 12 12 7 8 9.278 173.56 78.8467 8.7333 71.6 71.1667 1.9844 25.333 23.8
std dev (cv) 3.94 3.4316339 1.5 3.5 2 2 1.706 11.381 5.11445 1.8987 5.44564 1.83712 0.0623 2.3452 1.86
BB wt 26 47 17 20 7 14 13.9 160 72.7 10.1 62.6 69 1.86 50 37
JJ wt 28 42.6 16 13 8 11 11.1 168 76.36 8.5 67.9 71 1.95 42 34
DB wl 19 47.7 11 14 8 9 8.3 173 78.5 6.5 72 70 1.96 35 25
CC wt 23 43.3 36 33 16 23 24.2 189 85.9 20.8 65.1 69 2 35 28
CM wl 23 38.75 11 11 6 12 9.1 163 74.1 6.7 67.4 68.5 1.89 41 31
BL wt 25 44.28 8 8 7 7 6.5 169 76.82 5 71.8 72 1.97 41 32
KK wt 29 49.4 14 12 9 10 11.1 188 85.38 10.7 75.9 72 2.06 43 34
RB wt 21 39.4 16 14 12 17 13.1 180 81.8 10.6 71.2 72 2.02 37 33
DC W l 22 42.87 11 11 9 9 8.3 190 86.59 7.1 79.5 71.5 2.06 45 33
SV wl 28 38.6 13 11 9 9 9.9 164 74.5 7.6 67 68 1.87 35 24
mean (wt) 24.4 43.39 15 15 9 12 11.55 174.4 79.265 9.36 70.04 70.3 1.964 40.4 31.1
std dev (wt) 3.34 3.7979059 7.8 7.1 3 5 4.986 11.501 5.25972 4.4468 5.084443 1.58465 0.0732 4.971 4.18
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CD
Q.
Subi. âge V02max abd bip tri leg % fat wt(lb) wt(kg) fat(kg) LBM(kg) ht(in) BSA bench curl
JY sed 29 45 17 11 10 15 13.6 179 81.36 11.1 70.3 72 2.02 22 19
LH sed 18 42.8 24 19 12 12 14.3 160 72.5 10.4 62.1 71 1.9 19 26
ET sed 25 42 15 12 6 10 10.3 157 71.4 7.4 64 69 1.84 23 22
CH sed 34 38.3 19 22 9 11 15.5 175 79.5 12.3 67.2 74 2.04 20 25
DD sed 22 44.6 19 22 10 11 13 162 73.6 9 ^ 64.1 69 1.86 24 20
GV sed 34 39.7 33 19 11 11 18.9 189 85.9 16.2 69.7 72 2.06 25 22
DE sed 31 40.7 22 24 10 18 18.1 182 82.7 15 67.8 72 2.02 22 22
NE sed 21 35.2 18 14 12 12 12 167 76 9.2 67.2 72 1.95 21 23
JN sed 25 46 17 16 13 16 13.9 173 78.6 11 67.62 69 1.94 26 30
MP sed 30 36 33 29 11 26 23.2 169 76.8 17.8 58.99 71 1.95 10 20
mca^ n (sed) 26.9 41.03 22 19 10 11 15 28 171.3 77.836 12 65,901 71.1 1.958 21,2 22.9
std dev (sed) 5.55 3.7401872 6.5 5.7 2 5 3.805 10.253 4.67548 3.325 3.540033 1.66333 0.0761 4.492 3.31
all-group mean 26.2 48.906897 17 16 9 12 12.72 174.17 79.1366 10.076 69.0969 70.8448 1.9683 29.103 26
all-group std dev 4.43 11.054615 7 6.2 2 5 4.248 10.847 4.95026 3.6089 5.175879 1.68026 0.0694 9.405 4.94
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RMR Measurements
CV group
65
Subject TG DD
minute V 02rest VC02 RER VE(sipd) TV(atps) V 02 test VC02 RER VEfstpd) TV(atps)
1:00 0^87 0.266 0.93 537 034 0377 0.254 0.92 5.42 039
1:30 031 0.284 0.92 5.98 0.31 0.363 0.309 0.85 6.62 03
2:00 0347 0.22 0.89 4.78 0.34 0363 0.227 0.86 5.03 0.29
2:30 0308 0.278 0.9 5.8 0.47 0.346 0.282 0.82 633 0.47
3:00 0.349 0.32 0.92 6.92 0.46 0.272 0.237 0.87 5.17 0.31
3:30 0349 0.226 0.91 5.09 0.23 0.224, 0.192 0.85 4.06 0.4
4:00 0.236 0.214 0.91 4.74 036 0.287' 0.241 0.84. 5.12 035
4:30 0.275 0.244 0.89 5.12 0.48 0.134 0.113 0.84 2.47 0.18
5:00 0.202 0.178 0.88 3.8 0.24 0.241 0.199 0.82 4.4 0.33
5:30 0.22 0.188 0.86 4.02 0.19 0.36 0.292 0.81 6.96 0.43
6:00 0.207 0.174 0.84 3.74 0.17 0.159 0.133 0.83 2.91 0.22
6:30 0373 0.229 0.84 4.77 0.32 0.287 0.228 0.79 4.95 0.34
7:00 0.115 0.094 0.81 2.06 0.1 0.316 0.248 0.79 533 0.36
7:30 0.38 0.302 0.8 6.45 0.61 0.225 0.187 0.83 4.09 0.19
8:00 0.226 0.191 0.85 3.89 0.32 0318 0.178 0.82 4 0.28
8:30 0.27 0.229 0.85 436 0.3 0.352 0.287 0.81 5.98 0.36
9:00 0.211 0.176 0.84 3.64 0.25 0.24 0.205 0.85 4.3 0.34
9:30 0.316 0.264 0.83 5.42 03 0.259 0.22 0.85 4.75 0.28
10:00 0.235 0.205 0.87 4.06 0.21 0.216 0.18 0.83 3.99 0.18
10:30 0.258 0.222 0.86 4.68 0.39 0327 0.269 0.82 6.06 0.41
11:00 0.309 0.261 0.85 5.36 0.4 0.25 0.207 0.83 4.68 0.25
11:30 0.214 0.188 0.88 3.71 0.23 0.161 0.131 0.81 2.96 0.16
12:00 0.222 0.187 0.84 3.69 031 0.349 0.28 0.8 5.95 0.36
12:30 0.266 0.218 0.82 4.42 0.41 0.3 0.248 0.83 5.39 0.33
13:00 0.206 0.166 0.81 3.44 0.18 0.22 0.18 0.82 4.05 0.2
13:30 0.358 0.29 0.81 5.9 0.64 0.231 0.183 0.79 4.21 0.25
14:00 0.232 0.197 0.85 3.96 0.23 0.198 0.163 0.82 3.71 0.13
14:30 0311 0.178 0.84 338 0.22 0336 0.189 0.8 4.12 0.23
15:00 035 0.205 0.82 4.18 0.19 0.327 0.27 0.83 5.8 0.38
15:30 0.187 0.153 0.82 3.12 0.11 0.323 0.272 0.84 6.04 0.4
16:00 0386 0.233 0.82 5 0.3 0.178 0.145 0.82 3.36 0.15
16:30 0.209 0.174 0.83 336 0.24 0.096 0.077 0.81 1.75 0.09
17:00 0.212 0.172 0.81 339 0.23 0.214 0.175 0.82 4.24 0.31
17:30 0.221 0.187 0.85 3.84 0.24 0.111 0.091 0.82 2.03 0.07
18:00 0.159 0.126 0.79 2.69 0.27 0.273 0.223 0.82 4.89 0.39
18:30 0.301 0334 0.78: 4.93 0.21 0.185 0.16 0.86. 332 0.24
19:00 0354 0.209 0.82 4.3 0.12 0311. 0.18 0.85 : 4.09 03
19:30 0.174 0.147 0.84 3.09 033 0.167 0.14 0.84 3.11 0.11
mean 0.2382 0.1976 0.83 4.055 0.268 0.22865 0.1882 0.823 4.1975 0.247
stddev 0.0484883 0.0391 0.03 0.808068 0.119367 0.07119 0.0585 0.017 1.24651 0.109309
V02/wt(ml) 3.3314685 3.06913
V02/lbm(ml) 3.767795 3.41932
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RM R Measurements
CV group
66
Subject JC JU
minute V02rest VC02 RER VE (stpd) TV (aips) V02 rest VC02 RER VE (stpd) TV (atps)
1:00 0.444 0.411 0.931 9.05 034 0258 0.225 0.87 4.94 0.37
1:30 0.304 0.289 0.95: 6 J 039: 0.425 0.357 0.84 732 039
2:00 0.374 0.359 0.96 7.84 0.63 0.276, 0.246 0.89 5.23 0.37
2:30 0.277 0.275 0.991 6.05 0.4 0334. 0.302 0.9 6.19 0.74
3:00 0.311 021 1 6.99 0.45 0317' 0.3 0.95 6.22 034
3:30 0.215 0219 1.02: 4.91 0391 0246: 0.237 0.96 5.16 031
4:00 0.293 0.3091 1.05: 7.38 039 0.275 0.257 0.93 531 032
4:30 0.231 0.228 0.99 529 032 0308: 0.281 0.91 6.06 032
5:00 0.287 0.268 0.93 6.07 038 0254 0.236 0.93 5.13 0.46
5:30 0275 0.259 0.94 6.07 0.49: 0261 0244 0.94 5.44 0.44
6:00 0.254 0.239 0.94 5.57 0.42 0.237 0.219 0.92 4.94 0.42
6:30 0.234 0217 0.93 5.01 033 0.259 0.236 0.91 5.24 0.42
7:00 0266 0.247 0.93 5.8 0.46 0.27 0.248 0.92 53 0.47
7:30 0.216 02: 0.93: 4.74 036 0239 0.224 0.93 5.05 0.38
8:00 0.317 0.289 0.91 6.64 0.48 0.29 0.265 0.91 5.82 0.37
8:30 0.213 0.199 0.93 4.5 0.35 0287 0.265 0.92 5.87 0.44
9:00 0.285 0.256 0.9 5.9 0.44 0.236 0.227 0.96 5.27 0.39
9:30 0.209 0.193 0.92 4.39 0.42 0.229 0.219 0.96 5.15 0.45
10:00 0.342 0.312 0.91 6.82 034 0.223 0.211 0.95 4.86 0.42
10:30 0.181 0.173 0.96 3.84 0.33 0.281 0.263 0.94 6.08 0.49
11:00 0.275 0.246 0.89 5.66 0.39 0.223 021 0.94 4.97 0.39
11:30 0.212 0.195 0.92 434 0.23 0.232 0.215 0.92 5.13 0.43
12:00 0.138 0.127 0.92 3.02 021 0.246 0.223 0.91 5.27 0.38
12:30 0.334 0.279 0.83 6.47 039 0.254 0.231 0.91 5.32 0.48
13:00 0.199 0.175 0.88 3.87 0.27 0267 0.243 0.91 5.42 0.36
13:30 0.185 0.159 0.86 3.68 0.18 0.225 0.207 0.92 4.67 0.41
14:00 0.353 0.288 0.81 6.47 0.48 0243 0.222 0.92 5.13 0.44
14:30 0.274 0245 0.89 5.49 0.35 0.238 0.217 0.91 5 0.39
15:00 0.28 0.25 0.9 5.65 0.41 0.25 0.226 0.9 5.16 0.46
15:30 0.248 0.217 0.87 4.98 0.26 0267 0.237 0.89 5.38 0.45
16:00 0.197 0.173 0.88 4.03 0.24 0249 0.229 0.92 5.19 0.34
16:30 0.219 0.192 0.88 4.61 027 0.242 0.223 0.92 5.13 0.46
17:00 0.263 0.221 0.84 5.13 0.42 0.275 0.25 0.91 5.62 0.48
17:30 0.231 0.191 0.82 4.11 0.27 0.334 0.351 1.05 7.92 0.76
18:00 0.201 0.171 0.85 3.95 0.28 0323 0322 1 637 0.44
18:30 0221 0.18 0.81 4.05 0.23 0262, 0246 0.94 5.34 031
19:00 0.212 0.173, 0.82 4.03 021 0255: 0.236 0.93 5.42 03
19:30 0.433 0.384 0.89 7.79 0.73 0247: 0.221 0.9 534 0.43
mean 1 0.2499 02176 0.87 4.9095 0.3445 02568: 0.2392 0.93 5.456 0.441
stddev 0.0711869 0.0619 004 1250219 0.146197 0.02947 0.0365 0.037 0.71469 0.091761
V02/wi(ml) 3.3187251 3.43775
V02/lbm(ml) 3.6112717 3.74891
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RMR Measurements
CV group
67
Subject RS JK
minute V 02rest VC02 RER VE (stpd) TV (atps) V02 rest VC02 RER VE (stpd) TV (atps)
1:00 0.196. 0.16861 0.861 4.82 0.29 0.33 0292 0.885 6.6 0.69
1:30 0.203 0.16851 0.83 4.96 0.28 0.294 0275 0.935 6.16 026
2:00 0.229; 0.1924 0.84 5.6 021 0.284 0.278 0.979 625 0.63
2:30 0.211 0.1815 0.86 5.28 0.45 0286 0.373 0.966 8.39 026
3:00 0.253 02201 0.87 6.2 0.37 0.376 0.332 0.883 7.78 0.65
3:30 0.198 0.1723 0.87 525 027 0239 0.304 0.897 8.06, 028
4:00 0.2831 02519 0.89 728 0.49 0.3: 0289 0.963 6.94 0.41
4:30 0.226 0.19891 0.88 6.07 0.38 0272 0.357 0.96 7.87 0.67
5:00 0.232: 0.2042 0.88 6.27 0.37 0.463 0.447 0.965 929 02
5:30 0.219 0.1927 0.88 6.14 027 0.367 0.357 0.973 7.89 029
6:00 0.196 0.1725 0.88 5.46 0.38 0.357 0.334 0.936 7.7 0.5
6:30 0.221 0.1945 0.88 6.02 0.4 0284 0.347 0.904 8.86 028
7:00 0.205 0.1804: 0.88 5.71 0.4 0.434 0.411 0.947 9.82 024
7:30 0.177 0.1558 0.88 5.07 0.37 0.456 0.416 0.912 9.98 0.64
8:00 0.161 0.1401 0.87 4.67 0.35 0.424 0291 0.922 10.18 022
8:30 0.253 0.2226 0.88 6.67 0.49 0.34 0.285 0.838 6.49 0.35
9:00 0.218 0.1897 0.87 5.77 0.4 0.347 0.299 0.862 6.72 0.44
9:30 0.272 0.2394 0.88 6.85 0.51 0.316 0.278 0.88 7.1 0.46
10:00 0.201 0.1829 0.91 5.6 0.33 0.27 0.263 0.974 6.34 0.69
10:30 0.21 0.1932 0.92 5.91 0.45 0.277 0.264 0.953 5.89 021
11:00 0.188 0.1692 0.9 522 0.4 0.321 0.29 0.903 6.55 0.97
11:30 0.234 0.2036 0.87 6.18 022 0.276 0.27 0.978 5.84 0.77
12:00 0.272 0.2339 0.86 7.06 0.46 0.46 0.426 0.926 9.74 0.91
12:30 0.188 0.173 0.92 5.46 0.41 0.291 0.243 0.835 523 0.34
13:00 0.192 0.1709 0.89 527 0.41 0.19 0.172 0.905 4.17 0.43
13:30 0.276 0.2456 0.89 7.32 0 2 0.326 0.304 0.933 6.88 0.45
14:00 0.18 0.1782 0.99 5.71 0.48 0.439 0.404 0.92 825 0.75
14:30 0.151 0.1329 0.88 4.33 0.34 0.347 0.331 0.954 7.78 028
15:00 0.294; 0.2646 0.9 7.6 0.62 0.372 0.311 0.836 82 0.65
15:30 0.135 0.1242 0.92 4.16; 0.3 0.278 0.234 0.842 6.44 0.6
16:00 0.283 0.2462 0.87 721 028 0.26 0.228 0.877 6.31 02
16:30 0.317 0.2758 0.87 7.82 0.62 0.499 0.472 0.946 10.38 0.67
17:00 0.107 0.1006 0.94 3.6 0.28 0.2 0.175 0.875 424 0.28
17:30 0.283 0.2321 0.82 6.9 027 0.216 0.215 0.995 5.12 0.43
18:00 0.125 0.1138 0.91 4.16 0.41 0.491 0225 1.069 12.35 0.98
18:30 0.333 0.2831 0.85 724 025 0.223 0.226 1.013 5.47 0.31
19:00 0.253 02429! 0.96, 6.78 0.46 0242 0.327 0.956 7.73; 0.72
19:30 0.223 0.2163 0.97 624: 0.49 0.344 0.321 0.933; 6.85 0.91
mean 0.22225 0.1991 0.9 i 5.9935 0.459 0.3211 0.3001 0.931 7.048! 0.6225
std dev 0.0654128: 0.0544: 0.041 1.258798 0.100729 0.09278 0.0947 0.061 2.04478 0.217349
V02/wt(ml) 2.849359! 3.76348
V02/lbm(ml) 3.20244961 4.00374
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RMR Measurements
CV group
Subject JB EL
minute V02 rest VC02 RER VE (stpd) TV (atps) V02 rest VC02 RER VE (stpd) TV (atps)
1:00 ! 022 0.256 0.8* 553 05 0.264 0.227 0.86 554 0.48
1:30 0.315 0.252 0.8 5.49! 0.67 0.206 0.1957 0.95 4.78 052
2:00 0216 0.2528 0.8 j 5.49 057 0.178 0.2083 1.17 4.99 052
2:30 0233 0.2597 0.78 5.49 0.68 0.364 0.4368 1.2 11.44 136
3:00 0.279 0.2204! 0.79! 4.7 0.43 0.265 0.2491 0.94 6.3 055
3:30 0.384 0.2957 0.77 6.09! 0.64 0.269 0.2636 0.98 6.48 059
4:00 0226 0.2543' 0.78 5581 0.48 0.22 0.2398 1.09 5.68 055
4:30 0286 0.2895 0.75: 6.44: 0.69 0.301 0.3251 1.08 7.2 0.84
5:00 0222 0.24791 0.77 558: 0.5 0.442 05216 1.18 11.69 055
5:30 0279 02204 0.79! 4.78 0.48 0.256 0.2586 1.01 6.29 0.66
6:00 0.295 0.2331 0.79 5.08 0.68 0.23 02346 1.02 5.37 0.47
6:30 0.255 0.2066 0.81' 4.44 0.47 0.253 0.2758 1.09 6.2 0.76
7:00 0.26 0.2106 0.81 451 0.45 0274 0.2987 1.09 6.65 0.73
7:30 0295 02419 0.82 55 0.44 0.371 0.397 1.07 859 0.68
8:00 0.288 0.2333 0.81 5.35 0.46 0.367 0.3817 1.04 8.45 0.71
8:30 0.295 0.2331 0.79 5.18 0.44 0.452 0.443 0.98 9.68 0.84
9:00 0.295 0.2331 0.79 5.08 0.66 0.267 0.2323 0.87 5.36 059
9:30 0.35 0.2835 0.81 6.02 053 0.292 0.2686 0.92 6.52 0.61
10:00 0.347 0.2707 0.78 6.06 054 0.316 0.3318 1.05 7.7 0.73
10:30 0.212 0.1675 0.79 3.82 027 0.361 0.3141 0.87 7.19 0.65
11:00 0.249 0.2017 0.81 4.85 058 0.262 0.2306 0.88 5.43 057
11:30 0216 0.2591 0.82 6.17 0.47 0.311 0.2799 0.9 6.18 0.63
12:00 0.32 0.2592 0.81 5.79 051 0.307 0.3193 1.04 6.69 0.76
12:30 0.268 0.2198 0.82 4.89 0.61 0.335 0.3618 1.08 853 0.63
13:00 0.26 0.2132 0.82 5 0.43 0.259 0.2383 0.92 5.73 055
13:30 0281 0.236 0.84 5.42 0.45 0.289 0.2543 0.88 6.02 059
14:00 0.381 0.301 0.79 6.75 053 0239 0.2151 0.9 4.9 058
14:30 0.197 0.1576: 0.8 352 0.39 0.289 0.2457 0.85 5.82 056
15:00 0.362 0.2824 0.78! 6.28 0.68 0.145 0.1378 0.95 3.35 0.29
15:30 0215 0.1785 0.83 4.33, 0.42 0.15 0.147 0.98 3.42 0.35
16:00 0.278 0.2363 0.85 552 0.42 0.218 0.2027 0.93 4.71 053
16:30 0.253 0.2024 0.8 4.48 0.33 0.207 0.2091 1.01 5.03 0.25
17:00 0.325 0.2633 0.81 5.93 0.4 0.133 0.149 1.12 3.6 0.39
17:30 0.284 0.2244 0.79 5.08 054 0.445 05207 1.17 1158 1.02
18:00 0.309 0.241 0.78 554: 0.49 0.197 0.1911 0.97 4.89 0.33
18:30 0276 0.2125 077 4.83 i 0.42 0.279 0.2483 0.89 6.12 056
19:00 02671 02109! 079 5.07; 05 0209 0.2027 0.97 4.85 051
19:30 0279! 0.2232! 0.8! 5.11 05 0.227 0.2202 0.97 4.99 057
mean 028395 0.2281 0.8 5.2221 0.464 0.2589 0.251 0.967 5.8365 05525
stddev : 0.04868961 0.0376' 0.02 0.821556; 0.102772 0.07751 0.0882 0.088 1.90692 0.177286
V02/wt(ml) 3.43349461 1 3.08214
V02/lbm(ml) 3.7709163; 358874
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RMR Measurements
CV group
69
Subject BP
minute V 02rcst VC02 RER VE (stpd) TV (atps)
1:00 0374 0.3254 0.87 6.99 0.67
1:30 0325 0.2893 0.89 6.25 0.48
2:00 0387 0-2554; 0.89 5.91 0.38
2:30 0321 0.2793 0.87 6.41 0.47
3:00 0311 0.2706! 0.87 6.35 0.44
3:30 038 0.24361 0.87 571 0.4
4:00 0383 0.2462* 0.87 537! 0.71
4:30 0377 03493 0.9 5.21 0.36
5:00 0343 03187 0.9 5.07 0.29
5:30 0.195 0.1775 0.91 4.19 0.31
6:00 0376 0.2401 0.87 532 0.39
6:30 0356 0.2253 0.88 4.96 0.37
7:00 0323 0.1896 0.85 438 0.35
7:30 0.197 0.1655; 0.84 3.97 0.32
8:00 0.241 0.1976 0.82 435 0.35
8:30 0.212 0.1675 0.79 3.99 0.31
9:00 0.25 0.2025 0.81 4.94 0.47
9:30 0.274 0.2192 0.8 5.03 0.43
10:00 0.225 0.189 0.84 4.23 0.32
10:30 0.202 0.1677 0.83 3.98 0.31
11:00 0381 0.2332 0.83 5.77 0.45
11:30 0.135 0.1175 0.87 2.75 0.23
12:00 0376 0.2236 0.81 5.49 0.44
12:30 0.161 0.1401 0.87 3.24 0.25
13:00 0.18 0.153 0.85 332 0.27
13:30 0.231 0.1871 0.81 4.46 079
14:00 0.15 0.1275 0.85 2.97 0.22
14:30 0355 0.2805 0.79 6.54 0.49
15:00 0306 0.173 0.84 3.6, 0.3
15:30 0.191 0.1585 0.83 334 0.29
16:00 0.198 0.1643 0.83 3.83 0.31
16:30 0.22 0.1826 0.83 4.19 0.29
17:00 0371 0.2249 0.83 5.1 0.43
17:30 0322 0.1909 0.86 4.33 0.33
18:00 0.165 0.1436 0.87 3.44 0.28
18:30 0.22 0.1782 0.81 4.24: 0.37
19:00 0302 0.1616 0.8 3.69! 0.29
19:30 0.198 0.1624 0.82 3.73, 032
avg V02(L) I  031445 0.178 0.83 4.132 0.324
stddev 0.0513507 0.039 0.02 0.958291 0.07465
V02/wt(ml) 23651914.
V02/lbm(ml) 2.8479416! ,
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RMR Measurements
WT group
70
Subject BB ‘ BL
minute V 02rest VC02 RER VE(stpd) TV(atps) V02 rest VC02 RER VE(stpd) TV(atps)
1:00 0743 0.2357 0.97 5.45 0.4 0.24 0.1968 0.82 4.04 0.45
1:30 0716 0.2074; 0.961 4.8 0.45 0744 0.1952 0.8 4.04 0.47
2:00 0.27 07376! 0.88 574 0.48 0.252 0.2092 0.83 4.34 0.31
2:30 0706 0.1813 0.88: 4.18 0.45 0.221 0.1834 0.83 3.96 0.34
3:00 0.223 0.1873! 0.84i 4.29 0.42 0.208 0.1726 0.83 3.83 0.42
3:30 075 071 j 0.84 4.72 0.39 0.256 07099 0.82 472 0.42
4:00 0.243 070411 0.84 4.78 0.38 0.219 0.184 0.84 3.96 0.45
4:30 0744 0705; 0.84 4.69 0.44 0.212 0.1781 0.84 3.88 0.41
5:00 0766 0.2155! 0.81 4.78 0.46 0.239 0.2008 0.84 4.44 029
5:30 0773 0.2293 0.84 57 0.36 0.204 0.1795 0.88 3.83 073
6:00 0713 0.1853 0.87 4.37 0.43 0.217 0.1866 0.86 3.93 0.46
6:30 0.23 0.1932: 0.84 476 0.44 0.193 0.1641 0.85 3.62 0.36
7:00 0767 0.2243 0.84 571 0.41 0.237 0.2062 0.87 47 0.41
7:30 0.206 0.1751 0.85 472 0.34 0.179 0.1593 0.89 378 0.38
8:00 0785 0.2366 0.83 5.81 0.44 0.206 0.1813 0.88 4.08 0.33
8:30 0704 0.1734 0.85 4.18 0.33 0.237 0.2038 0.86 4.29 0.46
9:00 0776 0.2291 0.83 577 073 0.215 0.1914 0.89 4.15 0.37
9:30 0.262 0.2253 0.86 5.28 0.42 0.191 0.17 0.89 3.8 0.41
10:00 0.278 0.2335 0.84 5.29 075 0.173 0.1557 0.9 373 0.38
10:30 0.301 0.2709 0.9 6.29 0.52 0.232 0.1949 0.84 4.37 0.28
11:00 0.268 0.2439 0.91 5.72 0.5 0.297 0.2495 0.84 5.37 0.45
11:30 0.239 0.2199 0.92 5.05 0.44 0.203 0.1847 0.91 3.95 0.3
12:00 0.182 0.1711 0.94 4.09 0.33 0.224 0.1949 0.87 4.3 0.38
12:30 0.183 0.1684 0.92 4.15 0.48 0.229 0.2015 0.88 4.73 0.45
13:00 0.25 0.2225 0.89 5.29 0.42 0711 0.1857 0.88 4.26 0.35
13:30 0.289 0.2543 0.88 6.2 0.61 0.204 0.1816 0.89 4.1 0.35
14:00 0.172 0.1531 0.89 3.63 0.29 0.259 0.2202 0.85 4.98 0.34
14:30 0.254 0.2134 0.84 5.46 0.39 0.203 0.1726 0.85 3.91 0.28
15:00 0.23 0.1978 0.86 4.97 079 0.246 0.2091 0.85 4.8 0.41
15:30 0.185 0.161 0.87 3.88 0.37 0.162 0.1377 0.85 3.07 0.24
16:00 0.201 0.1729' 0.86 476 0.36 0.204 0.1734 0.85 3.7 0.34
16:30 0.252 0.2142 0.85 5.31 0.42 0.164 0.1394 0.85 2.98 0.29
17:00 0714 0.1819 0.85 473 0.41 0.083 0.073 0.88 177 0.15
17:30 0774 0.2247 0.82 5.4 0.4 0.194 0.1707 0.88 3.85 0.32
18:00 0.24 07016 0.84 5.4 0.32 0.103 0.0896 0.87 2.04 0.22
18:30 0738; 07094 0.88! 5.42, 0.6 0.156 0.1357 0.87 3.07 072
19:00 0.1771 0.1593! 0.9 4.01 0.43 0.124 0.1066 0.86 2.39 026
19:30 0742 0.19841 0.82 4.91 0.36 0.152 0.1322 0.87 2.96 0.26
mean 0.23345 0.20361 0.874, 4.963 0.4245 0.19115 0.1654 0.867 3.6965 07185
std dev 0.039487 0.0333! 0.035 0.7612121 0.094171 0.052651 0.0444 0.02 1.00018 0.07562
V02/wt(ml) 3.211142 2.488284
V02/lbm(ml) 3.729233 2.662256
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RMR Measurements
WT group
71
Subject JJ KK
minute V02 rest VC02 RER VE(stpd) TV(atps) V02test VC02 RER VEfstpd) TV(atps)
1:00 0.385* 07658 0.95 877 0.71 0.424 0.3901 0.92 10.18 072
1:30 0.198; 0.1881 0.95 4.23 0.28 0.456 0.415 0.91 9.98 0.64
2:00 0239 0.2103 0.88 5.44 073 0.434 0.4123 0.95 9.82 074
2:30 0.335 02881 0.86 6.86 0.38 0784 07456 0.9 8.86 078
3:00 0.331: 0.2747 0.83 6.75 075 0.357 0.332 0.93 7.7 07
3:30 0.307 0.2579 0.84 6.48 0.46 0767 0.356 0.97 7.89 079
4:00 0.449 07906 0.87 9.2 0.62 0.463 0.4491 0.97 979 07
4:30 0.24 02184 0.91 5 076 0772 07571 0.96 7.87 0.67
5:00 0.195 0.1853 0.95 476 075 0.3 0788 0.96 6.94 0.41
5:30 0.119 0.1095 0.92 2.77 0.11 0739 0.3051 0.9 8.06 078
6:00 0.086 0.0791 0.92 2.03 0.24 0.376 0.3309 0.88 7.78 0.65
6:30 0.137 0.1247 0.91 3.13 0.14 0.386 0.3744 0.97 879 076
7:00 0.168 0.1512 0.9 3.76 079 0.284 0.2783 0.98 6.55 0.63
7:30 0.068 0.0612 0.9 171 0.17 0.294 0.2764 0.94 6.16 076
8:00 0.265 0.2279 0.86 5.71 0.35 073 0.2904 0.88 6.6 0.69
8:30 0.263 02209 0.84 573 0.39 0.347 0.2984 0.86 6.72 0.44
9:00 0.21 0.1764 0.84 4.26 0.28 0.34 0.2856 0.84 6.49 0.35
9:30 0.126 0.1084 0.86 2.64 0.14 0716 0.2781 0.88 7.1 0.46
10:00 0.268 0.2412 0.9 6.01 0.34 0.26 0.2288 0.88 6.31 07
10:30 0.333 0.2997 0.9 776 0.43 0.278 0.2335 0.84 6.44 0.6
11:00 0.115 0.1024 0.89 2.39 0.22 0.372 0.3125 0.84 8.5 0.65
11:30 0.284 0.2556 0.9 5.79 0.42 0.347 0.3297 0.95 '.78 078
12:00 0.138 0.1256 0.91 3.16 0.26 0.439 0.4039 0.92 8.55 0.75
12:30 0.064 0.0582 0.91 1.43 0.06 0.326 07032 0.93 6.88 0.45
13:00 0.145 0.1349 0.93 3.29 0.13 0.19 0.171 0.9 4.17 0.43
13:30 0.35 0.3255 0.93 8.78 0.65 0.291 0.2415 0.83 573 0.34
14:00 0.093 0.0902 0.97 2.03 0.14 0.46 0.4278 0.93 9.74 0.91
14:30 0.105 0.0956 091 2.09 0.06 0.276 0.2705 0.98 5.84 0.77
15:00 0.029 0.0261 0.9 0.63 0.1 0.321 0.2889 0.9 6.55 0.97
15:30 0.134 0.13 0.97 374 0.15 0.277 0.2632 0.95 5.89 071
16:00 0.118 0.1121 0.95 2.86 0.2 077 0.2619 0.97 6.34 0.69
16:30 0.174 0.1566 0.9 3.79 073 0.344 0.3199 0.93 6.85 0.91
17:00 0.056 0.0504 0.9 1.15 0.07 0.342 0.3283 0.96 7.73 0.72
17:30 0.1 0.089 0.89 2.11 0.1 0.223 0.2252 1.01 5.47 0.31
18:00 0.337 0.3067 0.91 772 0.68 0.491 07254 1.07 12.35 0.98
18:30 0.232 0.2274 0.98, 572: 0.26 0.216 07138 0.99 5.12 0.43
19:00 0.188 0.1692. 0.9 3.73; 0.13 0.2 0.174 0.87 474 0.28
19:30 0.126 0.1197 095 2.88 0.19 0.499 0.4741 0.95 10.38 0.67
mean 0.16945 0.1558 0.92 3.773 0.241 07211 0.2999 0.93 7.048 0.6225
std dev 0.098251 0.0897 0.029 2.276496: 0.180756 0.092783 0.0953 0.061 2.04478 0.21735
V02/wt(ml) 2.219094 3.760834
V02/lbm(ml) 2.495582 4.230567
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RMR Measurements
WT group
72
Subject OB RB
minute V 02rest VC02 RER VEfstpd) TV(atps) V 02rest VC02 RER VE(stpd) TV(atps)
1:00 0.399 0.3471 0.87 7.43 0.62 0.387 0.3367 0.87 7.02 0.62
1:30 0.425 0.3698 0.87 7.9 0.82 0.346 0.3079 0.89 6.28 0.8
2:00 0.331 0388 0.87 6.42 0.41 031 0.2759 0.89 5.8 0.62
2:30 0.314 03732 0.87 6.06 037 0347 03088 0.89 6.36 0.49
3:00 0.31 0.2666 0.86 6.18 0.45 0.407 0.3541 0.87 6.93 0.61
3:30 0312 0.2777 0.89 6.45 0.65 0338 03143 0.93 6.39 038
4:00 0.419 03603 0.86 7.77 038 0.285 0.2679 0.94 5.78 0.71
4:30 0.319! 0.2935 0.92 6.98 034 0354 0.2337 0.92 5.18 0.41
5:00 0383! 0.266 0.94 6.39 038 0317 0.2758 0.87 5.49 0.44
5:30 0.253 03302 0.91 531 0.44 036 0.3276 0.91 7.08 0.62
6:00 0.258 0.2116 0.82 5.24 0.33 0373 0.3394 0.91 7.6 0.59
6:30 0.308 0.2556 0.83 6.89 038 0.315 0.2993 0.95 6.97 039
7:00 0.259 0.2124 0.82 4.95 0.33 0.262 0.2489 0.95 5.87 039
7:30 0.393 0.3498 0.89 7.71 0.88 0361 0.2427 0.93 5.56 0.62
8:00 0.227 0.2111 0.93 4.71 0.36 0.303 0.2727 0.9 6.17 0.61
8:30 0.419 0.3478 0.83 8.01 0.55 0.26 0.2366 0.91 5.29 0.48
9:00 0.311 0.2675 0.86 6.04 0.44 0356 0.2253 0.88 5.29 037
9:30 0.332 0.2822 0.85 6.39 0.37 0.304 0.2645 0.87 5.69 0.64
10:00 0.363 0.3122 0.86 732 0.45 0.329 0.2895 0.88 6.38 037
10:30 0.232 0.2134 0.92 5.03 0.57 0.326 0.2869 0.88 6.73 038
11:00 0.203 0.1807 0.89 4.34 0.27 0.277 0.2493 0.9 5.78 0.57
11:30 0.308 0.2402 0.78 5.73 0.24 0.281 0.2557 0.91 5.98 0.62
12:00 0.269 0.2098 0.78 5.09 0.37 0.248 03232 0.9 5.1 0.63
12:30 0338 0.2636 0.78 6.36 0.54 031 0.2697 0.87 5.91 038
13:00 0.055 0.0451 0.82 1.09 0.1 0.256 0.2253 0.88 5.11 0.5
13:30 0.355 03947 0.83 7.33 0.91 0.208 0.1789 0.86 4.12 0.29
14:00 0.295 0.2478 0.84 6.01 0.32 0.334 0.2839 0.85 6.17 0.63
14:30 0.147 0.122 0.83 2.83 0.43 0.246 0.2091 0.85 4.86 036
15:00 0.293 0.2432 0.83 5.68 0.32 0.353 0.3106 0.88 6.8 0.78
15:30 0.14 0.1078 0.77 2.74 0.16 0.359 03159 0.88 6.91 036
16:00 0.409 0.319 0.78 7.79 0.41 0.311 03799 0.9 5.98 0.8
16:30 0.217 0.1845 0.85 433 0.27 0.26 0.2496 0.96 5.29 038
17:00 0.194 0.1494 0.77 3.56 0.17 0.278 0.2724 0.98 5.78 0.63
17:30 0.346 0.2664 0.77 6.27 0.27 0.24 0.2328 0.97 5.62 0.57
18:00 0.11 0.0869 0.79 2.77 0.47 0364 0.2376 0.9 5.48 0.87
18:30 0.168 0.1411 0.84 3.95 0.22 0385 0.3157 0.82 6.25 0.69
19:00 0.024i 0.0206 0.86 039 0.1 0.48 0.432 0.9 9.09i 0.75
19:30 0375 032 0.8 5.77 032 0333 0.2214 0.95 5.4 037
mean 0.23705 0.1934 0.82 4.749 0.3555 03989 0.267 0.896 5.937 0.6165
stddev 0.106573 0.0858 0.043 2.022783 0.192586 0.063728 0.0538 0.042 1.01375 0.12304
V02/wt(ml) 3.019745 3.654034
V02/lbm(ml) 3.292361 4.198034
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RMR Measurements
W T group
73
Subject CC DC
minute V 02rest VC02 RER VE(stpd) TV(atps) V 02rcsi VC02 RER VE(stpd) TV(atps>
1:00 0.354 0.3292 0.93 6.97 0.78 0.447 0.447 1 9.57 0.64
1:30 0J47 02192 0.92 6.62 0.62 0.465 0.4743 1.02 9.71 0.71
2:00 0J42 0.3352! 0.98 7.1 0.72 0.429 0.4676 1.09 9.97 0.56
2:30 0.281 02782 0.99 5.84 039 0.292 0.3154 1.08 6.75 0.4
3:00 0.261 0.25581 0.98 5.27 037 0.357 0.3606 1.01 7.99 0.67
3:30 0.316 0216, 1 6.48 0.66 0.285 02907 1.02 6.6 Oj4
4:00 029 02929 1.01 6.46, 036 0.354 02398 0.96 7.72 0.63
4:30 0221 02276, 1.03 5 027 0.258 0.2477 0.96 5.81 0.37
5:00 0.281 0.2754 0.98 5.84 0.45 0.325 0.286 0.88 6.72 0.44
5:30 0.291 0.291 1 624 035 0.282 0.251 0.89 5.95 0.41
6:00 0267 0.2697 1.01 6.01 03 0.339 0.2983 0.88 7.08 0.5
6:30 0.217 0.2235 1.03 5.02 0.44 0.279 0.2567 0.92 6.11 0.46
7:00 0.254 0.2464 0.97 5.38 0.45 0.339 02983 0.88 7.08 0.55
7:30 0.278 0.2808 l.Ol 6.09 033 0211 0.2737 0.88 6.29 0.42
8:00 0.24 0.2424 1.01 5.41 0.47 0.299 0.2721 0.91 6.62 0.37
8:30 0.232 0232 1 527 0.43 0285 02594 0.91 6.42 0.43
9:00 0.231 0.2287 0.99 5.31 0.43 0.272 0.2475 0.91 6.14 0.33
9:30 0211 0.2026 0.96 4.67 0.31 0.297 0.2525 0.85 6 0.43
10:00 0.269 0.2421 0.9 5.46 0.41 0.309 0.2627 0.85 6.17 0.34
10:30 0.273 0.2512 0.92 5.66 0.45 0.196 0.1686 0.86 4.09 0.23
11:00 0.229 02198 0.96 5.02 0.42 0.323 0.2713 0.84 6.43 0.36
11:30 0.193 0.1853 0.96 4.28 0.39 0.296 0.2486 0.84 6.11 0.34
12:00 0215 0.1957 0.91 4.44 0.4 0.24 0.1992 0.83 4.92 0.32
12:30 0.314 0.2763 0.88 6.08 0.49 0.336 0.2755 0.82 6.39 0.38
13:00 0.228 0.2098 0.92 4.68 0.37 0.289 0.2428 0.84 5.59 0.39
13:30 0.211 0.1962 0.93 4.36 0.32 0.296 0.2457 0.83 6.02 0.34
14:00 0.224 0.2038 0.91 436 0.46 0.232 0.1926 0.83 4.73 0.36
14:30 0.212 0.1866 0.88 4.16 0.36 0.293 0.2403 0.82 5.81 0.38
15:00 0.253 0.2176 0.86 4.73 0.48 0.277 0.2271 0.82 5.42 0.37
15:30 0.206 0.1792 0.87 3.91 0.37 0205 02471 0.81 5.95 0.46
16:00 0.223 0.1873 0.84 4.1 0.32 0.263 0.2157 0.82 5.17 0.34
16:30 0.302 02537 0.84 539 0.49 0.276 0.2263 0.82 5.53 0.37
17:00 0.182 0.162 0.89 3.44 0.2 0.258 0.209 0.81 5.09 0.3
17:30 0.443 0.4031 0.91 7.99 0.76 0.271 0.2195 0.81 5.34 0.41
18:00 0.25 0.245 0.98 5.11 0.55 0.262 0.207 0.79 5.01 0.38
18:30 0.208 0.208 1 4.45 0.42 0.472 0.3918 0.83 8.24 0.65
19:00 0.215 0.2064 0.96 437 029 0276; 02318; 0.84 5.26 0.27
19:30 0.296 02782 0.94 6.08 0.49 0.253 i 0.2176! 0.86 5.14 0.43
mean 0.2473 0.2254 0.913 4.9235; 0.422 0.28615! 0.237 0.829 5.6205 0.371
std dev 0.059043 0.0528 0.045 1.005324; 0.114368 0.0544, 0.0452 0.018 0.85615 0.08372
V02/wt(ml) 2.878929 3.304654!
V02/lbm(ml) 3.798771 3299371
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RMR Measurements
WT group
74
Subject CM SV
minute V02 rest VC02 RER VE(stpd) TV(atps) V 02rest VC02 RER VEfstpd) TV(aips)
1:00 0.31 0.279 0.9 5.82 0.65 0.251 0.2585 1.03 6M 0.32
1:30 0253! 02302 0.91 4.75 0.62 0.141 0.141 1 3.62 0.19
2:00 0.261 0.2375 0.91 5.13 026 0.286 0.2631 0.92 6.74 0.34
2:30 0.282, 0.2792 0.99 6.36 0.79 0.276 0.276 1 7 0.35
3:00 0.238 0.2523 1.06 5.82 0.68 0.223 0.2208 0.99 5.74 0.32
3:30 0234 02223 0.95 5 028 0.23 0.2277: 0.99 5.85 0.37
4:00 0.308; 02326 1.08 7.47 0.66 0.208 0.2059 0.99 5.07 031
4:30 0.179! 0.1915 1.07 423 0.43 0.216 0.203 0.94 5.08 031
5:00 0219 0.1949 0.89 5.02 0.42 0.231 0.2125 0.92 5.32 0.32
5:30 0.182 0.1693 0.93 3.82 0.44 0.196 0.1823 0.93 4.62 0.3
6:00 0.202 0.1818 0.9 4.03 0.46 0.218 0.2027 0.93 5.08 0.29
6:30 0.204 0.1775 0.87 3.99 023 0.19 0.1786 0.94 4.44 0.29
7:00 0.238 0.2047 0.86 4.56 0.34 0.283 0.2434 0.86 5.85 0.33
7:30 0284 02456 0.9 7.46 0.7 0.244 0.2269 0.93 5.5 0.34
8:00 0.294 02617 0.89 5.24 0.38 0.183 0.183 1 4 j5 0.31
8:30 0.158 0.1485 0.94 3.69 0.25 0.212 0.1993 0.94 4.9 0.27
9:00 0.308 0.2988 0.97 6.4 0.91 0.22 0.2068 0.94 5.24 0.29
9:30 0.307 0.2917 0.95 6.25 0.47 0.202 0.1858 0.92 4.79 0.28
10:00 0.103 0.1082 1.05 2.65 0.26 0.218 0.1962 0.9 4.98 0.29
10:30 0.098 0.0921 0.94 2.89 0.31 0.183 0.1702 0.93 4.32 0.28
11:00 0.338 0.3211 0.95 7.02 1.66 0.194 0.1804 0.93 4.54 0.29
11:30 0.19 0.1843 0.97 3.69 0.28 0.204 0.1897 0.93 4.82 0.3
12:00 0.214 0.1883 0.88 4.16 0.48 0.21 0.1869 0.89 4.79 0.3
12:30 0.205 0.1825 0.89 4.25 0.36 0.207 0.1842 0.89 4.65 0.32
13:00 0.332: 0.2922 0.88 6.55 0.74 0.225 0.2048 0.91 4.98 0.34
13:30 0.334 0.2906 0.87 6.47 0.64 0.214 0.1905 0.89 4.71 0.32
14:00 0.148 0.151 1.02 3.44 0.32 0.222 0.1976 0.89 4.85 0.31
14:30 0.191 0.1815 0.95 4.31 0.46 0.206 0.1854 0.9 4.68 0.28
15:00 0.2 0.176 0.88 4.07 0.37 0.179 0.1611 0.9 4.2 0.27
15:30 0.22; 0.1936 0.88 5 0.47 0.198 0.1762 0.89 4_55 0.33
16:00 0.3361 02192 0.95 7.46 1.01 0.233 0.205 0.88 4.93 0.34
16:30 0.262! 02646 1.01 5.98 0.81 0.198 0.1841 0.93 4 j l 0.3
17:00 0.196 0.194 0.99 4.04 023 0.202 0.1858 0.92 4.68 0.31
17:30 0.194 0.1688 0.87 3.63 0.38 0.219 0.1993 0.91 5.01 031
18:00 0239 02055 0.86 4.78 0.49 0.197 0.1832 0.93 4.65 0.31
18:30 0.268 022241 0.83 5 0.47 0.171 0.159 0.93 4.01 0.29
19:00 0227; 0.193! 0.85 4.4 0.46 0.192 0.1728 0.9 4.25 0.28
19:30 0.208; 0.1789 0.86 4.15 0.41 0.218 0.1918 0.88 4.79 0.32
mean 0.225151 020541 0.919 4.697 02455 0.2045 0.1852 0.907 4.645 03045
stddev 0.070495! 0.063 i 0.064 1.347169 0.322612 0.016044 0.0128 0.018 0.27735 0.02012
V02/wt(ml) 3.038462' 2.744966
V02/lbm(ml) 3.340504! 3.052239 '
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RMR Measurements
Sed Group
75
Subject JY GY
V02 rest 
0.307
RERminute V02 rest VC02 RER VEfstpd) TV(atps) VC02 VEfstpd) TV(atps)
1:00 0.256, 03304 0.9 6.02 0.39 0.21797 0.71 4.42 0.48
1:30 0.228 0.1961; 0.86: 5.46 0.36 0272 0.26412 0.71 5.24 035
2:00 0308 0.17261 0.83 4.69 0.29 0.244 0.18056 0.74 3.6 0.36
2:30 0.229* 0.1786; 0.78 4.96 0.31 0275 0.28875 0.77 5.79 0.49
3:00 0.15 0.114 0.76; 3.18 0.18 0.375 0.315 0.84 5.63 053
3:30 0.153' 0.1148* 0.75i 324 0.21 0.319 0.27753 0.87 5.43 053
4:00 0.132 0.09641 0.73: 2.88. 0.19 0.245 0.2254 0.92 4.75 0.46
4:30 0.12 0.0864 0.72' 2J8 0.17 0.15 0.1365 0.91 2.9 0.14
5:00 0.145 0.103 0.71 3.09 0.2 0.229 0.19694 0.86 4.37 0.36
5:30 0.271 0.187 0.69 5.48 0.44 0.212 0.18656 0.88 3.91 0.27
6:00 0.115 0.084 0.73 229 0.15 0.171 0.15732 0.92 3.39 0.19
6:30 0.174 0.1305 0.75 3.47 0.23 0.192 0.17472 0.91 3.93 0.22
7:00 0.133 0.0944 0.71 2.61 0.13 0.164 0.1476 0.9 3.22 0.21
7:30 0.131 0.0917 0.7 2.7 0.21 0.116 0.10556 0.91 2.79 0.15
8:00 0.157 0.1083 0.69 326 0.23 0.062 0.0558 0.9 1.25 0.06
8:30 0.253 0.1771 0.7 5.02 0.33 0.258 0.2451 0.95 5.22 0.42
9:00 0.192 0.1402 0.73 3.72 0.22 0.248 0.22568 0.91 4.12 0.3
9:30 0.142 0.1037 0.73 2.79 0.21 0.198 0.1881 0.95 3.85 0.34
10:00 0.301 0.2197 0.73 6.97 0.4 0.17 0.1615 0.95 3.42 0.14
10:30 0.119 0.0928 0.78 2.34 0.15 0.19 0.1767 0.93 3.68 0.35
11:00 0.558 0.4855 0.87 10.12 0.67 0.189 0.17388 0.92 3.73 0.27
11:30 0.299 0.2631 0.88 7.19 0.41 0.212 0.19292 0.91 4 0.27
12:00 0.389 0.354 0.91 8.37 0.38 0.254 0.2286 0.9 4_55 0.39
12:30 0.338 0.3143 0.93 7.63 0.42 0.252 0.2268 0.9 4.69 0.31
13:00 0.357 0.332 0.93 8.31 0.49 0.2 0.186 0.93 3.95 0.19
13:30 0.301 0.2709 0.9 6.97 0.45 0.215 0.19565 0.91 4.23 0.29
14:00 0.291 0.2532 0.87 7 0.38 0.241 0.21931 0.91 4.65 0.43
14:30 0.32 0.2688 0.84 7.23 0.47 0.174 0.16008 0.92 3.43 0.42
15:00 0.289 0.2341 0.81 7.11 0.39 0.169 0.1521 0.9 3.32 0.27
15:30 0.303 0.2363 0.78 6.99 0.45 0.132 0.11352 0.86 2.52 0.14
16:00 0.243 0.209 0.86 5.83 0.38 0.193 0.16598 0.86 3.62 0.3
16:30 0.294 0.2528 0.86 7.02 0.43 0.129 0.11094 0.86 2.37 0.1
17:00 0.256 0.2099 0.82 5.67 0.43 0.152 0.13072 0.86 2.79 0.32
17:30 0.282 0.22 0.78 5.88 0.39 0.176 0.15312 0.87 3.39 0.27
18:00 0.287 0.2181 0.76 7.09 0.38 0.151 0.13439 0.89 3.01 0.23
18:30 0.304 0.228: 0.75 6.41 0.42 0.102 0.09078 0.89 2.05 0.26
19:00 0.132 0.0964 0.73* 2J2 0.14 0.074 0.06586 0.89 1.48 0.09
19:30 0.193 0.139 0.72i 3.73* 02 0.131 0.11266 0.86 2,62! 0.11
mean 0.2928 0.2449 0.826( 6_519 02965! 0.1753 0.15758 0.896 3.375 0.2575
stddev 0.09088 0.0874 0.069i 1.869813 0.111274 0.047828 0.04484 0.027 0.876845 0.102591
V02/wt(ml) 3.59882 2.040745
V02/lbm(ml) 4.16501 1 i 2215065
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RMR Measurements
Sed Group
76
Subject LH DE
minute V02 rest VC02 RER VE (stpd) TV(atps) V02 rest VC02 RER VE (stpd) TV(aips)
1:00 0.449 0.4355 0.97: 8.3 0.76 0.453 0.39411 0.87 7.61 1.11
1:30 0.347 0.3435 0.99! 6.79 061 0282 0.24534 0.87 4.89 0.36
2:00 0.378 0.4007 1.061 7.72 0.99 0.435 0.3915 0.9 7J8 0.69
2:30 0.329; 0.3652 1.11! 15 0.74 0.356 021684 0.89 6.42 0.9
3:00 0.323 0.3585 1.11 724 0.61 0.348 0.30972 0.89 6.45 0.42
3:30 0.268 0.2868 1.07| 5.84 025 0.356 0.31328 0.88 6.51 054
4:00 0.323 02488 1.081 6.72 0.72 0.331 0.2979 0.9 6.3 0.6
4:30 0255 0.2627 1.03; 5.14 029 0224 02916 0.9 6.3 0.61
5:00 0264 0.2614 0.99; 521 029 0.308 028028 0.91 5.93 056
5:30 0232 0.2227 0.96 427 0.41 0.358 0.32578 0.91 6.99 058
6:00 0286 02774 0.97: 529 028 0.304 0.27968 0.92 6.21 0.63
6:30 0.322 0.2995 0.93 6.21 0.43 0.326 0.29666 0.91 6.39 0.62
7:00 0.298 0.2801 0.94 5.69 0.4 0284 025844 0.91 5.8 059
7:30 027 0.2619 0.97 5.46 0.48 0.324 0.29484 0.91 6.36 0.75
8:00 0.293 0.2813 0.96 6.19 02 0.317 0.27896 0.88 6.08 054
8:30 0.256 0.2509 0.98 5.06 0.48 0223 0.2907 0.9 6.42 0.42
9:00 0.248 0.2381 0.96 4.73 0.44 0.341 0.3069 0.9 6.74 0.52
9:30 0.155 0.1473 0.95 3.01 0.3 0.316 0.2844 0.9 6.12 0.64
10:00 0.135 0.1323 0.98 2.9 0.28 0.322 0.29624 0.92 6.42 0.49
10:30 0.12 0.1164 0.97 227 0.28 0.274 0.24934 0.91 5.65 0.47
11:00 0.079 0.0751 0.95 1.75 0.28 0.315 0.2835 0.9 6_51 0.61
11:30 0.231 0.2218 0.96 4.9 0.31 0.324 0.28512 0.88 6.57 0.53
12:00 0.254 0.2515 0.99 4.98 0.45 0.28 0.2464 0.88 5.92 0.36
12:30 0.33 0.2904 0.88 5.97 0.56 0.315 027405 0.87 6.39 0.54
13:00 0.162 0.149 0.92 3.01 0.86 0.266 0.23142 0.87 5.48 053
13:30 0.156 0.1513 0.97 3.25 0.4 0.309 0.26265 0.85 6.26 0.44
14:00 0.109 0.1177 1.08 2.47 0.29 0238 0.29406 0.87 6.9 0.49
14:30 0.119 0.125 1.05 2.66 0.34 0.28 02492 0.89 5.27 058
15:00 0.133 0.1303 0.98 2.93 0.4 0.319 0.2871 0.9 6.01 0.81
15:30 0.16 0.1536 0.96 3.34 0.38 0.402 0.3417 0.85 7_54 0.75
16:00 0.137 0.1329 0.97 2.88 0.4 0.273 0.23751 0.87 5.42 058
16:30 0.193 0.1853 0.96 4.01 0.45 0.327 0.28122 0.86 6.09 053
17:00 0.188 0.1824 0.97 3.83 0.32 0.295 0.23895 0.81 5.74 051
17:30 0.212 0.2056 0.97 4.38 029 0.291 0.22989 0.79 5.39 0.56
18:00 0.041 0.0406 0.99 0.83 0.07 0.3 0.234 0.78 5.4 0.5
18:30 0.029 0.0281 0.97 028 0.1 0.363 0.28314 0.78 6.57 051
19:00 0.022 0.0213 0.97 0.46 0.07 0.289 02312 0.8 5.61 0.49
19:30 0.036 0.0356 0.99 0.78 0.12 0207 024253 0.79 5.92 054
mean 0.1423 0.1373 0.974: 2.924 0.3475 0.30945 0.26396 0.854 6.053 0541
std dev 0.07986 0.0737 0.04 1224292 0.189622 0.032726 0.02977 0.046 0592338 0.098403
V02/wt(ml) 1.96276 3.741838
V02/lbm(ml) 229147 4264159:
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RMR Measurements
Sed Group
77
Subject ET NE
minute V02 rest VC02 RER VEfstpd) TV(atps) V 02rest VC02 RER VEfstpd) TV(atps)
1:00 0.254 0.2565 1.01 5.35 0.42 0.334 0.26386 0.79 4.83 0.46
1:30 0.308 O Jlll 1.01 652 0.66 0.32 0.2528 0.79 4.8 034
2:00 0.258 0.2683 1.04 523 0.42 0.246 0.19434 0.79 3.89 0.38
2:30 029 0.2871 0.99 5.78 0.41 0.288 0.22752 0.79 4.72 0.37
3:00 0.234 0.2504 1.07 5.43 0.41 0.275 0509 0.76 4.2 0.42
3:30 0.238 0.2428 1.02 5.35 059 0596 0.30888, 0.78 5.79 0.41
4:00 0.234 02387 1.02 5.21 0.39 0.271 0.2168 0.8 4.14 0.36
4:30 0.369 0.3838 1.04 8-12 0.72 257 205.6: 0.8 4.2 0.26
5:00 0.209 0.2445 1.17 4.81 0.38 0.186 0.14508 0.78 3.11 0.19
5:30 0.271 0.2791 1.03 5.35 0.38 0.219 0.17082 0.78 3.57 0.43
6:00 0203 02172 1.07 456 0.34 0.215 0.16555 0.77 3.32 0.25
6:30 0.227 0.2384 1.05 5.1 0.43 0.287 0.21525 0.75 4.44 0.48
7:00 0.228 0228 1 4.96 0.37 0.174 0.13746 0.79 2.82 0.29
7:30 0.228 0.2348 1.03 5.23 0.4 0.36 0.2736 0.76 5.54 03
8:00 0.224 0.2285 1.02 5 0.36 0.247 0.19513 0.79 4 0.3
8:30 0.219 0.2212 1.01 4.86 0.34 0.225 0.17775 0.79 3.78 0.36
9:00 0.169 0.1639 0.97 3.69 0.28 0.228 0.1824 0.8 3.81 0.28
9:30 0.222 0.2153 0.97 459 055 0.193 0.14861 0.77 3.29 0.25
10:00 0.219 0.2081 0.95 4.45 0.32 0.255 0.1989 0.78 4.42 0.4
10:30 0.229 0.2221 0.97 4.7 0.22 0.204 0.15708 0.77 3.11 033
11:00 0.208 0.2038 0.98 4.37 0.28 0.287 0.2296 0.8 4.39 0.28
11:30 0.183 0.1793 0.98 3.94 052 0.243 0.19926 0.82 3.95 0.38
12:00 0.244 0.2342 0.96 4.89 0.28 0.366 0.2928 0.8 5.49 0.48
12:30 0.169 0.1673 0.99 3.86 0.28 0.277 0.2216 0.8 4.4 0.31
13:00 0.362 0.3801 1.05 7.33 0.83 0.207 0.17595 0.85 3.43 036
13:30 0.239 0.2414 1.01 4.58 057 0.227 0.19068 0.84 3.68 0.33
14:00 0.195 0.1989 1.02 4.13 0.34 0.2 0.156 0.78 3.22 0.26
14:30 0.207 0.207 1 4.4 0.32 0.346 05595 0.75 5.16 035
15:00 0.214 0.214 1 451 0.37 0.31 0.2325 0.75 434 0.28
15:30 0.186 0.186 1 4.28 0.29 0.206 0.16274 0.79 3.29 0.24
16:00 0.225 0216 0.96 451 055 0.242 0.1936 0.8 4.11 0.39
16:30 0.194 0.1921 0.99 356 0.38 0.227 0.17479 0.77 338 0.34
17:00 0.209 02027 0.97 3.88 0.28 0.248 0.1984 0.8 4.11 0.4
17:30 0.216 02246 1.04 4.48 0.35 0.193 0.15054 0.78 3.04 0.38
18:00 0.138 0.1394 1.01 2.96 0.23 0.205 0.1599 0.78 3.18 0.33
18:30 0.17 0.1717 1.01 3.67 0.26 0542 0.18634 0.77 3.81 0.33
19:00 0.167 0.1653 0.99 3.39 0.14 0.241 0.19039 0.79 4 0.34
19:30 0.178 0.1691 0.95 358 0.27 0.24 0.192 0.8 4.1 0.39
mean 0.2076 0.2483
std dev 0.04521 0.047811
V02/wt(ml) 2.90756 3.267105
V02/lbm(ml) 3.24375 3.69494
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RMR Measurements
Sed Group
78
Subject CH JN
minute V02 rest VC02 RER VEfstpd) TVfatps) V 02 rest VC02 RER VEfstpd) TVfaips)
1.00 0.372 0J422 0.92 7.26, 0.97; 0.203 0.17255 0.85 3.77 059
1:30 0.297 0J029 1.02 6.36 1.07 0.224 0.1904 0.85 4.14 0.28
2:00 0.298 0.304 1.02, 6.36 0.42 0.271 0.22222 0.82 5 059
2:30 0.17 0.17 1 3.34 0.6 0.236 0.19588 0.83 454 0.2
3:00 0.259 0559 I 5.04 0.24 0.221 0.18564 0.84 4.15 0.46
3:30 0.1421 0.1306, 0.92 158, 0.07 0.203 0.17052 0.84 3.83 0.31
4:00 0.077 0.0716 0.93 1.43 0.02 0.213 0.18318 0.86 3.99 0.39
4:30 0.224 0.2128 0.95 4.06 0.61 0.281 0.23042 0.82 5.02 0.29
5:00 0.278 05558 0.92 554 0.47 0.242 0.20086 0.83 4.37 0.28
5:30 0.193 0.1891 0.98 3.84 0.7 0.247 0.21242 0.86 4.48 05
6:00 0.131 0.1205 0.92 2.41 0.35 0.214 0.18832 0.88 4.02 0.18
6:30 0.326 05901 0.89 5.87 0.71 0.21 0.189 0.9 4.13 0.29
7:00 0.265 05385 0.9 4.88 0.02 0.213 0.18957 0.89 4.21 0.21
7:30 0.404 0.3959 0.98 7.84 0.96 0.201 0.17487 0.87 3.86 0.23
8:00 0.231 0.2148 0.93 4.11 0.29 0.267 0.22695 0.85 5.08 051
8:30 0.146 0.1299 0.89 2.74 0.07 0557 0.22359 0.87 5.06 0.3
9:00 0.114 0.1049 0.92 2.28 0.15 0.243 0.20412 0.84 4.78 0.37
9:30 0.126 0.1247 0.99 2.49 0.22 0.37 0.3108 0.84 6.92 0.29
10:00 0.235 0.228 0.97 4.72 0.18 0.232 0.20184 0.87 4.51 0.28
10:30 0.225 0.1958 0.87 4 0.02 0.165 0.1452 0.88 3.34 0.19
11:00 0.14 0.1204 0.86 252 0.31 0.3 0.246 0.82 554 0.36
11:30 0.165 0.1518 0.92 3.07 0.04 0.252 0.21672 0.86 4.66 0.39
12:00 0.161 0.1481 0.92 1.1 0.03 0.195 0.17745 0.91 3.83 0.27
12:30 0.145 0.1276 0.88 0.82 0.05 0.234 0.2106 0.9 4.75 0.33
13:00 0.217 0.1996 0.92 3.89 0.04 0.336 0.30912 0.92 75 0.47
13:30 0.172 0.1514 0.88 1.26 0.08 0.181 0.17557 0.97 4.06 0.24
14:00 0.273 0.2211 0.81 4.33 0.02 0.166 0.15438 0.93 3.42 0.33
14:30 0.185 0.1499 0.81 1.48 0.03 0.212 0.18444 0.87 4.06 059
15:00 0.194 0.1668 0.86 1.64 0.33 0.28 0.2352 0.84 5.43 0.29
15:30 0.215 0.1871 0.87 3.78 059 0.231 0.18942 0.82 4.29 0.34
16:00 0.205 0.1784 0.87 3.78 0.8 0.247 0.20748 0.84 459 055
16:30 0.179 0.1557 0.87 3.4 0.51 0.258 0.22446 0.87 4.86 0.35
17:00 0.234 0.2012 0.86 0.6 0.01 0.21 0.1827 0.87 4.05 057
17:30 0.212 0.1802 0.85 3.73 0.34 0.228 0.1824 0.8 4.24 0.44
18:00 0.22 0.1782 0.81 3.67 055 0.215 0.1763 0.82 4.05 0.37
18:30 0.28 0.252 0.9 5.26 0.75 0.291 0.23571 0.81 5.29 0.38
19:00 0.238 05237 0.94 2.74 0.43 0.339 0.2712 0.8 6.03 051
19:30 0.208 05163 1.04: 45 0.63 0.197 0.16351 0.83 3.64 0.22
mean 0.20515 0.1817 0.886: 3.0145 0.287 0.23845 0.20449 0.862 4597 05385
std dev 0.03815 0.0356 0.0561 1.411313 0.272939, 0.050459 0.04059 0.047 0.956793 0.080412
V02/wt(ml) 26805 ' 3.033715
V02/lbm(ml) 3.05283 3526324
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RM R Measurements
Sed Group
79
Subject DD MP
minute V02 rest VC02 RER VEfstpd) TVfatps) V02rcst VC02 RER VE fstpd) TVfatps)
1:00 0.332i 05988 0.9 6.03 0.67 0.3 0.273 0.91 7.02 0.45
1:30 0-336 05789 0.83, 5.81 058 0.303 0.26361 0.87 6.68 0.43
2:00 0.276 05263 082 5.08 0.35 0.311 0.27679 0.89 752 0.45
2:30 0.2621 05096 0.8 i 4.78 056 0.283 0.25187 0.89 6.79 0.44
3:00 0502 0.1596, 079 3.6 0.17 0246 0.21894 0.89 5.94 0.29
3:30 0.337 05898 086 6.37 0.41 0.294 0.2499 0.85 6.71 0.41
4:00 0.2581 0.209 0.81: 4.48 05! 0227 0.19749 0.87 5.3 056
4:30 0.269 0.2098 0.78 459 0.29 0535 0.2881 0.86 7.42 05
5:00 0.245 0.1862 0.76 4.26 0.29 0235 0.2115 0.9 5.69 0.37
5:30 0583 0.2151 0.76 4.83 0.33 0.255 0.2244 0.88 5.95 0.4
6:00 0.24 0.1848 0.77 4.15 05 0.264 0.22968 0.87 6.09 0.4
6:30 0.283 0.2151 0.76 4.75 0.29 0.27 0.2403 0.89 6.27 0.43
7:00 0.269 0.2098 0.78 4.71 052 0239 0.20793 0.87 558 058
7:30 0543 0.271 0.79 6 05 0.277 0.24376 0.88 6.35 0.45
8:00 0.186 0.1637 0.88 3.48 0.25 0.261 0.22968 0.88 5.8 0.38
8:30 0.283 0.2264 0.8 4.84 0.32 0.311 0.27057 0.87 6.84 0.48
9:00 0.25 0.1975 0.79 4.39 0.28 0.206 0.18334 0.89 5.01 0.33
9:30 0.276 0.2208 0.8 4.8 0.35 0.301 0.26187 0.87 6.6 057
10:00 0.292 0.2336 0.8 5.02 0.36 0.268 0.2546 0.95 6.41 0.43
10:30 0.263 0.2209 0.84 4.76 0.35 0.239 0.21749 0.91 5.73 0.46
11:00 0.257 05133 0.83 4.61 0.34 0.256 0.23296 0.91 5.99 0.43
11:30 0.262 0.2096 0.8 4.61 0.27 0213 0.19383 0.91 5.36 0.36
12:00 0.288 0.2333 0.81 5.13 0.41 0.224 0.19936 0.89 6.34 0.45
12:30 0.229 05038 0.89 4.34 0.39 0.227 0.20203 0.89 6.46 0.44
13:00 0.222 0.1865 0.84 3.93 0.25 0.241 0.22172 0.92 6.78 0.47
13:30 0.293 0.2315 0.79 4.9 052 0.236 0.2124 0.9 6.3 05
14:00 0.254 0.2083 0.82 4.37 0.28 0.286 0.2717 0.95 7.83 0.51
14:30 0.259 0.2072 0.8 4.48 0.33 0.226 0.21922 0.97 5.75 0.41
15:00 0.209 0.1693 0.81 3.63 0.31 0.24 0.228 0.95 6.04 0.43
15:30 0.347 0.288 0.83 6.18 0.97 0206 0.19158 0.93 5.28 0.36
16:00 0525 05003 0.89 3.89 0.38 0288 0.26208 0.91 6.62 0.6
16:30 0.268 05224 0.83 4.38 0.34 0.29 0.2639 0.91 6.26 0.4
17:00 0.272 0.223 0.82 4.67 05 0.229 0.20839 0.91 5.32 0.4
17:30 0.276 0.2291 0.83 4.86 0.38 0.213 0.18957 0.89 5.11 0.38
18:00 0.253 0.21 0.83 4_54 0.32 0.243 050898 0.86 551 0.41
18:30 0.302, 05627 0.87 5.19 0.44 0.254 0.2159 0.85 6.42 052
19:00 0.4571 0.4067 0.89 7.66 1.12 0.275 0542 0.88 6.02 0.45
19:30 0.23! 05162 0.94 4.2 0.35 0282 0.24534 0.87 6.13 0.46
mean 05729 05288 0.838 4.7675 0.4105 0.2468 0.22405 0.908 6.083 0.4435
stddev 0.054 0.0488 0.039 0.874594 0.223265 0.026757 0.02524 0.031 0.632881 0.057972
V02/wt(ml) 3.70788 3213542:
V02/lbm(ml) 4.25741 4.18376
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DATA ANALYSIS
Analysis Variable : BHR (mL/kg min)
N Mean
9
10
10
3.2052556
3.0320000
3.0054400
Std Dev
0.3557968 
0.4815549 
0.6418960
81
Std Error
0.1185989
0.1522810
0.2029853
Number of observations in data set = 29
Dependent Variable; RMR (mL/kg rain)
Source DF
Condition 2
Error 26
Corrected Total 28
Sura of Squares 
0.21949932 
6.80806129 
7.02756061
Mean Square 
0.10974966 
0.26184851
F Value 
0.42
Pr > F 
0.6620
R-Square
0.031234
C. V.
16.63231
Root MSE 
0. 51171136
RMR Mean 
3.07661034
Analysis Variable : RMR (mL/kg LBM min)
N Mean
9 3.5294000
10 3.4640700
10 3.5498400
Std Dev
0.3531204
0.6277689
0.7703187
Std Error
0.1177068 
0.1985179 
0.2435962
Number of observations in data set = 29
Dependent Variable: RMR (raL/kg LBM rain)
Source DF
Condition 2
Error 26
Corrected Total 28
Sum of Squares 
0.03990936 
9.88491427 
9.92482363
Mean Square 
0.01995468 
0.38018901
F Value 
0.05
Pr > F 
0.9490
R-Square
0.004021
C.V.
17.54720
Root MSE 
0.61659469
RMR Mean 
3.51392069
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Equipment Calibration
The Vista Oxygen Analyzer System was calibrated every morning before 
subjects were tested. The unit was turned on by a timer at least one hour before 
calibrating.
1. Barometric pressure was measured from a wall barometer and recorded.
2. The Vista Turbofit 3.2 program was selected from the main menu on the computer 
and then the calibration icon was chosen. Barometric pressure was entered into the 
program.
3. The air flow meters on the Vista unit for oxygen and carbon dioxide were then 
adjusted so that the flow indicators rested at the designated levels (0.35 - 0.401pm).
4. Oxygen tank #1 was selected from the calibration menu. The oxygen span dial 
was rotated until "20.94" registered on the Vista unit for room 0%
5. Carbon dioxide tank #2 was chosen from the calibration menu. The carbon 
dioxide zero dial was then adjusted until the Vista unit read "0.04" for room CO2.
6. Next, calibrated gas consisting of 12% O2 and 5% CO2 was introduced to the cal
gas intake port of the Vista unit and the cal gas button was depressed. The rate of air 
flow was adjusted to 0.20 - 0.25 1pm. Once the cal gas values stabilized, O2 tank #3
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was selected from the calibration menu. A small screwdriver was then used to adjust 
the 0 2  zero control until the Vista unit read " 12.0".
7. CO2 tank #4 was selected next from the calibration menu. The CO2 span knob 
was adjusted until a reading of "5.0" was obtained.
8 . The cal gas button was released and the cal gas supply was discontinued. Several 
minutes were allowed for the Vista unit to stabilize at the correct room gas readings. 
If, by that time, the Vista unit was not reading "20.94" for 02  and "0.04" for C02, 
then steps 4- 8 were repeated until the Vista was calibrated.
9. The volume was calibrated by choosing "volume" from the calibration screen. 
The syringe size was entered and "air flow meter" was chosen as the air intake port. 
The plunger was pulled out as far as it would go on the syringe and the computer was 
told to "continue". The syringe was then emptied into the air flow meter.
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Percent fat estimates for four skinfold sites. From Golding, et al. (1989).
Age to last year
Sum of 4 
skinfoids 18-22 23-27 28-32 33-37 38-42 43-47 48-52 53-57 > 58
13-17 1.7 2.5 3.3 4.1 4.9 5.6 6.4 7.2 8.0
18-22 3.1 3.9 4.6 5.4 6 2 7.0 7.8 8 6 9.4
23-27 4.4 5.2 6.0 6.8 7.6 8.4 9.2 10.0 10.7
28-32 5.7 6.5 7.3 8.1 8.9 9.7 10.5 11.3 12.1
33-37 7.0 7.8 8.6 9.4 10.2 11.0 11.8 12.6 13.4
38^2 8.3 9.1 9.9 10.7 11.5 12.3 13.1 13.9 14.6
43-47 9.6 10.3 11.1 11.9 12.7 13.5 14.3 15.1 15.9
48-52 10.8 116 12.4 13.2 13.9 14.7 15.5 16.3 17.1
53-57 12.0 12.8 13.6 14.4 15.1 15.9 16.7 17.5 18.3
58-62 13.1 13.9 14.7 15.5 16.3 17.1 17.9 18.7 19.5
63-67 14 3 15.1 15.9 16.7 17.5 18.2 19.0 19.8 20.6
68-72 15 4 16.2 17.0 17.8 18.6 19.4 20 2 21.0 21 8
73-77 16 5 17.3 18.1 18 9 19.7 20.5 21.3 22.1 22 8
78-82 176 (8.4 19.2 20.0 20.7 21.5 22.3 23.1 23 9
83-87 18.6 19.4 20 2 21.0 21.8 22.6 23 4 24.2 25 0
88-92 19 6 20.4 21.2 22.0 22.8 23.6 24.4 25 : 26 0
93-97 20 6 21.4 22.2 23.0 23.8 24.6 25.4 26 2 27 0
98-102 21 6 22.4 23.2 24.0 24 8 25.6 26.4 27.1 27 9
103-107 22 5 23.3 24.1 24.9 25.7 26.5 27.3 28 1 28 9
108-112 23 5 24.2 25 0 25.8 26 6 27.4 28.2 29 0 29 8
113-117 24.3 25.1 25.9 26 7 27.5 28.3 29.1 29 9 30 7
118-122 25.2 260 26.8 27 6 28 4 29.2 30.0 30 8 31 6
123-127 26.0 26.8 27.6 28.4 29.2 30.0 30.8 31.6 32.4
128-132 26.9 27.7 28 4 29.2 30.0 30.8 31.6 32.4 33 2
133-137 27 7 28.4 29.2 30.0 30 8 31.6 32.4 33.2 34 0
138-142 28.4 29.2 30.0 30.8 31.6 32.4 33.2 34.0 34.8
143-147 29.2 29.9 30.7 31.5 32 3 33.1 33.9 34.7 35 5
148-152 29.9 30.7 31 5 32.2 33.0 33.8 34.6 35.4 36.2
153-157 30.6 31.3 32.1 32.9 33.7 34.5 35.3 36.1 36 9
158-162 31 2 32.0 32.8 33.6 34.4 35.2 36.0 36.8 37 6
163-167 31 8 32 6 33.4 34.2 35.0 35.8 36.6 37 4 38 2
168-172 32.5 33.3 34.0 34.8 35.6 36.4 37.2 38.0 38.8
173-177 33.0 33 8 34.6 35.4 36.2 37.0 37.8 38.6 39 4
178-182 33 6 34.4 35.2 36.0 36.8 37.6 38.4 39.2 39 9
183-187 34 1 34.9 35.7 36.5 37.3 38.1 38.9 39.7 40.5
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does the exercise feel? Rating*
6
Very, very light 7
8
Very light 9
10
Fairly light 11
12
Somewhat hard 13
14
Hard IS
16
Very hard 17
18
Very, very hard 19
20
Rating of perceived exertion scale. From Borg. G. ( 1973).
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Name
Physical Fitness Evaluation Profila
Norms—Men 18-25 
_______________  Dates: T1 ________ T2 T3
Rating
%
ranking
Resting
HR
%
fat
3-min 
step test
PWC 
m ax (kgm)
VO,max
(mUkg) Rexibility
Bench
press Sit-ups
100 49 4 70 2350 80 26 45 60
Excellent 95 52 6 72 2275 71 22 42 54
90 55 7 78 2065 63 20 38 50
85 57 8 82 1905 59 20 34 48
Good 80 60 9 85 1795 55 19 32 46
75 61 10 88 1705 53 18 30 45
70 63 11 91 1630 51 18 28 42
Atx)ve average 85 64 12 94 1570 49 17 26 41
60 65 13 97 1515 47 17 25 40
55 67 14 101 1455 46 16 22 38
Average 50 68 15 102 1400 45 16 22 37
45 69 16 104 1350 43 15 21 36
40 71 18 107 1305 41 14 20 34
Below average 35 72 19 110 1260 39 14 17 33
30 73 20 114 1195 38 13 16 32
25 76 22 118 1135 35 12 13 30
Poor 20 79 24 121 1090 33 12 12 28
15 81 26 126 1050 31 10 9 26
10 84 28 131 975 29 9 8 24
Very poor 5 89 30 137 885 26 7 2 17
0 95 37 164 850 20 2 0 12
YMCA fitness standards for men. From Golding, et ai. (1989)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
88
Name
Physical Fitness Evaluation Profile
Norms—Man 2635 
______________  Dates: T1 ________ T2 T3
Rating
%
ranidng
Resting
HR
%
fat
3-min 
step test
PWC 
max (kgm)
VO,max
(mUkg) Rexibility
Bench
press Sit-ups
100 49 8 73 2300 70 25 43 55
Excellent 95 52 10 76 2180 64 22 40 50
90 54 12 79 1950 58 20 34 46
85 57 13 83 1820 54 19 30 45
Good 80 60 14 65 1740 52 18 29 42
75 61 15 88 1665 50 18 26 41
70 62 16 91 1600 47 17 25 38
Above average 65 64 17 94 1545 46 17 24 37
60 65 18 97 1485 44 16 22 36
55 66 19 101 1430 42 16 21 34
Average 50 68 20 103 1375 41 15 20 33
45 70 21 106 1325 40 15 18 32
40 72 22 109 1270 39 14 17 30
Below average 35 73 23 113 1225 36 13 14 30
30 74 24 116 1180 35 12 13 29
25 77 25 119 1135 34 12 12 28
Poor 20 78 26 122 1080 33 11 10 25
15 81 28 126 1020 31 10 9 24
10 84 30 130 960 28 9 5 21
Very poor 5 88 32 140 840 26 7 2 12
0 94 37 164 780 20 2 0 6
YMCA fitness standards for men. From Golding, et al. ( 1989)
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